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PREFACE 


The  discovery  of  the  gene  by  Mendel  in  the  19th 
century,  although  completely  ignored  by  his  con¬ 
temporaries,  has  had  a  profound  influence  on  Man's 
outlook  in  the  20th  century. 

In  the  light  of  the  gene  we  no  longer  see  through  a 
glass  darkly,  and  the  old-time  problems  of  heredity, 
variation,  sex  and  species  appear  as  clear  as  crystal. 
Thousands  of  Mendelian  and  X-ray  experiments,  in¬ 
volving  the  study  of  millions  of  plants  and  animals, 
have  definitely  established  the  fact  that  the  gene  is 
the  primary  organiser  and  determiner  of  all  structural 
and  functional  characters  in  living  organisms,  and 
recent  research  indicates  that  complexes  of  living 
genes  are  the  source  and  foundation  of  human  thought 
and  action. 

The  far-reaching  importance  of  these  vital  units  to 
mankind  can  therefore  hardly  be  overestimated.  It  is 
evident  that  the  gene  is  the  prime  unit  of  life  and 
therefore  the  foundation  and  origin  of  all  evolutionary 
progress,  culminating  in  the  ascent  of  Man  and  Mind. 

Experiments  demonstrate  that  individuality  in 
plants  and  animals,  including  Man,  is  dependent  on 
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the  presence  of  a  peculiar  complex  of  living  genes, 
one  half  of  which  are  directly  inherited  from  the 
mother  parent  and  the  other  half  from  the  father.  In 
the  higher  organisms,  and  in  Man,  every  growing  cell 
carries  a  complete  complex  of  genes  which  organises 
and  controls  the  development  and  expression  of  the 
individual  personality.  In  Man  the  individual  gene 
complex  is  composed  of  48  distinct  groups  of  genes 
known  as  chromosomes,  24  of  which  are  directly 
derived  from  the  egg-cell  of  the  mother  parent  and  24 
from  the  sperm-cell  of  the  father.  Experiments  in 
plants  and  animals  show  that  the  genes  are  arranged 
in  each  chromosome  in  definite  order,  side  by  side, 
while  in  the  maternal  and  paternal  pair  of  chromo¬ 
somes  similar  genes  occupy  corresponding  positions 
immediately  opposite  to  one  another. 

The  discovery  last  year  that  the  chromosomes  of  the 
salivary  gland-cells  of  the  fruit  fly  when  stretched  are 
about  150  times  longer  than  the  ordinary  chromosomes 
should  enable  us  to  extend  considerably  our  present 
knowledge  of  the  nature  and  structure  of  the  gene. 

The  science  of  genetics,  which  deals  with  genes  and 
gene  complexes  as  precise  units,  is  an  exact  experi¬ 
mental  science  and  its  conclusions  can  always  be  tested 
by  repeated  experiments. 

The  object  of  this  little  book  is  to  provide  the 
general  reader  with  a  popular  epitome  of  recent  re- 
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search  in  genetics  in  so  far  as  it  is  concerned  with  the 
origin,  evolution  and  ascent  of  Man.  Of  necessity  the 
account  is  limited  and  circumscribed.  Those  who  feel 
inclined  to  pursue  the  subject  farther  and  in  more 
detail  are  referred  to  my  larger  volumes  on  The 
Mechanism  of  Creative  Evolution ,  1932  (2nd  edition, 
1933),  and  Experiments  in  Genetics ,  1925,  published 
by  the  Cambridge  University  Press,  which  are  freely 
illustrated,  and  in  which  references  are  given  to 
original  papers. 

Those  who  follow  closely  the  results  of  the  new 
knowledge  set  out  in  these  books  will  perceive  that 
Man,  if  he  chooses  to  do  so,  can,  here  and  now,  take 
a  hand  in  creative  evolution  by  creating  new  species 
of  living  organisms  and  by  replacing  natural  selection 
by  human  selection.  There  is  no  doubt  that,  if  he  so 
wills,  he  can  to  a  large  extent  determine  the  destiny 
of  his  own  species  and  so  become  the  master  of  his  own 
fate.  Scientific  research  has  brought  freedom,  power 
and  responsibility  to  Man,  and  the  future  evolution  of 
Man  and  Mind  depends  largely  on  his  response  to  the 
new  knowledge  and  on  his  intelligent  application  of 
these  discoveries  in  the  near  and  distant  future. 

C.C.H. 


April,  1935 


CHAPTER  I 


THE  MYSTERY  OF  LIFE 

Astronomers  tell  us  that  the  strangest  thing  of  all 
in  this  vast  unfathomable  and  mysterious  universe  is 
the  fact  that  there  has  appeared  on  the  crust  of  an  in¬ 
significant  planet  whirling  around  a  third-rate  sun,  a 
curious  state  of  matter  known  as  life.  A  long  series  of 
apparently  random  and  fortuitous  events  has  led  up  to 
this  unusual  and  unexpected  appearance,  such  a  series 
which  can  have  occurred  but  rarely  during  the  long 
ages  of  time,  and  is  likely  to  be  equally  rare  in  the 
ages  to  come.  Regarded  in  its  relation  to  the  universe, 
life  on  earth  is  probably  unique,  since  there  appears 
to  be  little  or  no  opportunity  for  its  repetition  else¬ 
where  in  the  peculiar  form  in  which  we  know  it.  It  is 
conceivable,  however,  that  in  other  planets  or  else¬ 
where,  other  fortunate  associations  and  combinations 
of  matter  may  have  led  and  may  still  lead  to  other  and 
completely  different  manifestations  of  the  mysterious 
creative  power  known  as  life.  Even  on  our  own  planet 
the  vast  majority  of  people  live  through  their  lives 
quite  unconscious  of  the  myriad  forms  of  living  or¬ 
ganisms  that  live,  move  and  have  their  being  around 
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them.  To  most  people,  man  and  the  larger  animals, 
fishes,  birds,  insects,  trees  and  flowering  plants  make 
up  the  sum  total  of  living  creatures.  They  are  almost 
unaware  of  the  smaller  organisms,  except  those  which 
make  their  presence  felt  by  causing  disease,  and  they 
are  entirely  ignorant  of  the  great  hordes  of  micro¬ 
scopic  and  ultra-microscopic  living  organisms  which 
make  their  homes  in  the  earth,  water  and  air  or  live 
parasitically  in  the  bodies  of  animals  and  plants. 

To  modern  science  it  is  these  minute  creatures  which 
have  the  greatest  interest  and  show  the  greatest  need 
of  study  and  research.  To  medical  workers  their  dis¬ 
covery  represents  the  solution  of  many  of  their  diffi¬ 
culties  about  diseases,  for  there  are  few  illnesses  which 
cannot  be  traced  back  to  the  attacks  of  microscopic  and 
ultra-microscopic  organisms.  To  the  agriculturist  their 
study  is  of  the  utmost  value  in  facilitating  the  growth 
of  crops  and  the  treatment  and  choice  of  soils.  To  the 
biologist  they  show  the  path  by  which  evolution  has 
proceeded  from  the  lowliest  forms  and  point  the  way 
to  a  knowledge  of  the  origin  of  life  itself. 

The  lowliest  creatures  in  the  scale  of  life  are  so 
small  that  the  most  refined  ultra-microscopes  are  un¬ 
able  to  show  them  to  us.  The  finest  filters  yet  made 
are  unable  to  stop  their  passage  and  so  isolate  them 
for  study  and  examination.  One  may  well  ask  how 
their  existence  can  be  proved  in  these  circumstances, 
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but  although  they  themselves  are  invisible  to  us  the 
effect  of  their  actions  can  be  seen  and  studied.  The 
smallest  filter-passer  known  is  called  the  bacterio¬ 
phage,  and  its  presence  is  discovered  by  the  fact  that 
it  attacks  and  devours  or  breaks  up  living  bacteria — 
organisms  themselves  microscopic  but  large  enough  to 
be  seen  and  studied  with  the  aid  of  a  good  microscope. 
Much  discussion  centres  around  these  bacteriophages. 
Some  scientists  believe  they  are  living  organisms  of  the 
most  primitive  description,  others  believe  them  to  be 
chemical  ferments  which  have  attained  the  power  of 
self-reproduction.  Whatever  they  may  be  it  is  evident 
that  here  we  are  dealing  with  half-alive  particles  which 
are  on  the  borderland  between  Life  and  Matter. 

Passing  up  from  the  bacteriophage  is  a  series  of 
ultra-microscopic  organisms  known  as  viruses.  Around 
these  is  centred  some  of  the  most  absorbing  work  of 
the  present  day,  for  it  is  these  viruses  which  give  rise 
to  so  many  of  our  most  deadly  and  difficult  diseases. 
Foot-and-mouth  disease  in  cattle  and  swine,  distemper 
in  dogs,  smallpox,  typhus,  yellow  and  trench  fever, 
rabies,  measles  and  influenza  in  Man,  mosaic  and 
other  diseases  of  the  potato,  tobacco  and  other  plants, 
all  show  the  presence  of  these  organisms  in  affected 
individuals.  Although  these  viruses  are  larger  than 
the  bacteriophage,  they  are  still  too  small  to  be  filter¬ 
able  and  are  known  collectively  as  ‘filter-passers \ 
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One  extraordinary  thing  about  them  is  that  tissues 
taken  from  plants  or  animals  suffering  from  a  virus 
disease  usually  show  curious  bodies  in  their  cells. 
These  are  collectively  known  as  'inclusion  bodies', 
and  the  wonderful  thing  about  them  is  that  whatever 
the  disease,  whether  in  Man,  animal  or  plant,  these 
bodies  are  very  similar  in  appearance.  They  apparently 
arise  from  the  streaming  together  of  innumerable 
small  particles,  but  whether  these  are  aggregations 
of  virus  organisms  or  the  effects  of  cell  degeneration 
brought  about  by  the  organisms  is  difficult  to  deter¬ 
mine.  The  most  important  fact  about  them  is  their 
striking  similarity  under  widely  differing  conditions, 
showing  the  relationship  of  the  virus  organisms  as  a 
whole.  Recent  research  in  potato  viruses  show  that 
one  well-defined  disease  may  be  due  to  the  combina¬ 
tion  of  two  or  three  different  viruses,  and  the  com¬ 
binations  and  recombinations  of  these  interacting 
systems  can  produce  various  types  of  diseases.  If  this 
can  be  demonstrated  in  the  virus  diseases  of  Man  it 
may  solve  many  of  the  problems  of  the  day.  The 
difficulty  of  isolating  viruses  owing  to  their  passing 
through  the  finest  of  laboratory  filters  has  been  a 
great  stumbling-block  for  preventive  medicine,  since 
it  has  not  been  possible  to  test  and  experiment  with 
them  as  has  been  done  with  the  larger  disease-causing 
organisms.  In  the  potato  experiments  it  was  dis- 
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covered  that  certain  kinds  of  aphids  (greenfly)  feeding 
on  the  diseased  plants  could  absorb  one  type  of  virus, 
leaving  behind  the  others,  and  then  being  placed  on 
other  plants  infect  them  with  a  different  disease 
caused  by  the  presence  of  the  one  virus  alone  instead 
of  in  combination  with  the  others  of  the  original 
disease.  In  other  words,  what  could  not  be  done  by 
elaborate  filtering  experiments  in  the  laboratories  was 
performed  naturally  by  these  little  creatures,  but  pre¬ 
cisely  how  or  why  is  at  present  unknown. 

That  all  viruses  are  harmful  can  hardly  be  believed, 
but  in  their  present  state  of  invisibility  one  can  only 
detect  their  presence  by  the  mischief  they  do  and  the 
beneficent  ones  no  doubt  pass  unnoticed.  Arguing 
from  analogy,  however,  one  would  expect  that  there 
are  many  harmless  or  helpful  kinds  just  as  there  are 
good,  bad  and  indifferent  bacteria,  the  organisms  im¬ 
mediately  above  them  in  size. 

The  bacteria  and  cocci  present  another  series  of 
minute  precellular  organisms,  larger  than  the  viruses 
but  still  so  small  that  they  are  invisible  except  through 
powerful  microscopes.  They  are,  however,  easily  fil¬ 
terable,  and  it  is  therefore  possible  to  grow  cultures 
of  them  and  examine  their  actions  and  reactions  so 
that  diseases  which  are  associated  with  them  are  com¬ 
paratively  easy  to  investigate.  On  the  other  hand, 
the  good  offices  of  beneficent  bacteria  have  been  dis- 
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covered  and  their  necessity  in  many  cases  to  life  and 
growth,  so  that  it  has  been  made  possible  to  cultivate 
them  and  increase  their  good  work. 

Up  to  this  point  the  minute  organisms  of  which  we 
have  been  speaking  are  so  tiny  that  they  consist  of  the 
merest  specks  of  living  material.  We  now  reach 
another  vast  world  of  living  creatures,  still  micro¬ 
scopic,  but  having  a  definite  organisation  of  form  and 
structure.  These  are  the  one-celled  plants  and  animals 
which  swarm  everywhere.  They  have  attained  the 
definite  step  of  having  a  complete  cell  and,  although 
so  minute,  their  shapes  and  appendages  are  often 
extraordinarily  complex  and  beautiful.  Most  com¬ 
plex  of  all  are  the  Protozoa,  some  of  which  cause  us 
to  gasp  with  astonishment  at  the  marvellous  range 
of  variation  that  can  be  achieved  by  a  single  cell. 
Some  even  bear  beautifully  shaped  shells,  and  stars 
and  rays  and  feathery  filaments  float  from  them.  The 
Flagellates  are  noteworthy  in  being  partly  animal  in 
their  characteristics  and  partly  vegetable.  They  have 
caused  no  little  perturbation  in  the  realms  of  biology, 
for  the  botanists  claim  them  as  plants  and  the  zoolo¬ 
gists  claim  them  as  animals,  with  the  result  that  many 
of  them  bear  two  names,  one  given  them  by  the 
botanists  and  one  by  the  zoologists. 

The  Fungi  are  another  interesting  group  with  in¬ 
numerable  forms.  They  are  usually  looked  on  as 
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plants,  but  they  exude  digestive  juices  like  animals 
and  live  as  parasites  on  plants  and  animals  or  decaying 
matter.  Some  of  the  very  large  ones  are  well  known 
by  their  visible  fructifications — the  mushrooms  and 
toadstools  for  instance.  Many  of  the  Fungi  are  extra¬ 
ordinarily  destructive,  for  they  cause  much  damage 
to  their  hosts.  When  they  are  parasitic  on  plants  they 
are  known  as  mildews,  rusts  and  other  diseases,  and 
in  animals  and  Man  they  cause  ringworm.  On  the 
other  hand,  many  of  them  are  very  useful,  and  one 
family — the  yeasts — is  almost  indispensable  to  Man 
in  his  production  of  food  and  drinks. 

Ascending  the  scale  of  life  we  find  that  the  next 
step  is  caused  by  the  joining  together  of  several  cells. 
At  first  these  cell  colonies  and  the  creatures  which 
they  form  are  extremely  primitive,  but  as  we  get 
higher  and  higher  we  find  them  becoming  more  and 
more  complex.  Gradually  the  cells  become  more  and 
more  differentiated.  In  the  more  primitive  types  each 
cell  behaves  more  or  less  as  its  neighbour,  but  as  the 
number  of  cells  increases  this  system  of  each  cell  for 
itself  becomes  impracticable  and  unworkable.  So, 
gradually,  various  groups  of  cells  take  on  a  special 
function,  and  these  specialisations  go  on  increasing 
until  in  the  higher  animals  we  find  a  remarkable 
degree  of  specialisation.  In  these  highly  developed 
creatures  and  in  Man  himself  we  find  that  special 
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groups  of  cells  are  concerned  with  separate  functions, 
the  cells  of  the  lungs  are  busy  using  the  oxygen 
breathed  in  from  the  air,  the  cells  of  the  stomach  in 
assimilating  the  food  eaten,  the  cells  of  the  brain  in 
receiving  messages  through  the  nerves  and  control¬ 
ling  the  actions  of  the  body  and  so  on.  Each  group 
of  cells  has  its  own  special  work,  and  so  long  as  the 
body  is  in  health  will  carry  it  on.  Each  of  these 
colonies,  however,  is  entirely  dependent  on  the  others, 
for,  in  attaining  its  high  degree  of  specialisation  it  is 
now  cut  off  from  the  possibility  of  maintaining  life 
on  its  own  account.  If  the  heart  cells  cease  to  function 
properly  all  the  cells  in  the  body  must  suffer;  if  the 
stomach  cells  are  unable  to  deal  with  the  food  properly 
it  will  be  felt  by  every  other  cell  in  the  body.  Any 
default  on  the  part  of  any  one  of  these  specialised  cell 
groups  instantly  reacts  on  them  all,  for  they  are  so 
completely  interdependent  that  any  failure  of  a  single 
part  brings  discomfort  all  round.  In  order  to  function 
properly  themselves  they  must  receive  constant  sup¬ 
plies  of  nutriment  and  be  able  to  exude  waste  and 
impurities  freely,  and  these  necessities  can  only  be  ac¬ 
complished  when  all  the  organs  are  working  smoothly. 
The  failure  of  one  organ  will  cause  starvation  or  waste 
clogging  in  the  others,  throwing  them  out  of  gear,  and 
in  extreme  cases  the  death  of  the  individual  is  the 
result. 
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The  gradual  building  up  of  these  complex  bodies 
of  the  higher  animals  and  plants  is  indeed  a  marvellous 
adaptation  and  adjustment  to  environment.  Through 
the  long  ages  evolution  gradually  advanced,  building 
up  more  and  more  complex  forms,  until  to-day  its 
greatest  culmination  is  Man.  Man  and  Mind,  for  with 
Man  came  the  greatest  power  that  has  yet  arisen, 
the  Conceptual  Mind  or  Intellect  which  enables  Man 
to  look  forward,  to  plan  and  to  think  for  the  future, 
and  to  reflect  on  and  benefit  by  his  memories  of  the 
past. 

To-day  we  can  see  spread  out  before  us  the  great 
story  of  Evolution.  It  is  written  in  the  rocks,  in  the 
fossils  of  long  dead  things,  and  in  the  hordes  of  life 
which  inhabit  the  world  to-day.  Some  2000  million 
years  ago  our  planet  first  became  separated  from  the 
sun.  For  about  half  that  length  of  time  it  pursued  its 
lonely  course  and  then  by  a  series  of  happy  combina¬ 
tions  and  developments  Life  became  possible  and  the 
first  minute  organisms  made  their  appearance,  pro¬ 
bably  resembling  in  size  and  simplicity  the  bacterio¬ 
phage  of  to-day.  Gradually  organisms  increased  in 
complexity  and  a  divergence  of  forms  arose,  many  to 
fall  by  the  way  as  not  being  fitted  to  their  environ¬ 
ment.  Such  were  the  gigantic  reptiles  which  appeared 
some  300  million  years  ago.  Their  huge  bodies  needed 
enormous  quantities  of  food,  and  their  tiny  heads 
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made  them,  in  spite  of  their  size,  an  easy  prey  to  the 
little  mammals,  with  their  quick  bodies  and  active 
brains,  which  were  just  beginning  to  make  them¬ 
selves  felt.  Among  these  were  the  little  Tarsioids, 
whose  descendants  were  to  make  such  an  impression 
upon  the  world  when  after  long  ages  they  had  become 
Man. 

Some  10  million  years  ago  a  great  genus  known  as 
the  Dryopithecus  roamed  through  the  old  world.  These 
were  pre-human  anthropoids,  and  from  them  evolved 
on  the  one  hand  Mankind,  with  its  intellect  and  con¬ 
ceptual  mind,  and  on  the  other  the  great  apes,  the 
gorillas,  the  chimpanzees,  the  orang-outangs  and  the 
gibbons.  Thus  from  this  generalised  genus  or  family 
arose  the  potentialities  of  the  Mind  of  Man,  and  for 
the  next  10  million  years  this  was  gradually  in¬ 
creasing  in  power  and  scope. 

The  great  new  force  which  had  evolved  in  the  world 
first  became  manifest  in  the  aptitude  of  its  possessors 
to  use  tools  and  to  utilise  the  products  of  nature  for 
their  own  life  and  comfort.  At  first  its  development 
was  extremely  slow,  for  long  ages  the  ancestors  of 
modern  Man  roamed  the  earth  little  better  than  the 
animals  around  them.  But  burning  feebly  within 
them  was  the  divine  flame  of  intellect  which  was  to 
lift  them  far  above  the  rest  of  their  fellow  denizens 
of  the  earth. 
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After  many  ages  had  passed  and  many  genera  and 
species  of  these  human  ancestors  had  lived  and  died 
and  become  extinct,  there  arose  a  new  genus  Homo 
and  a  new  species  Homo  sapiens  which  proved  infinitely 
superior  to  the  others.  Possessed  of  a  much  better 
brain,  with  the  intellectual  faculty  much  increased,  he 
soon  began  to  make  his  presence  felt  upon  the  earth. 
He  gradually  improved  his  weapons  and  his  defences 
until  even  the  wildest  and  most  ferocious  animals 
could  no  longer  prey  upon  him  with  safety,  and  he 
soon  began  to  master  his  surroundings  more  and 
more.  Industries  of  wood,  stone,  flint  and  bone 
gradually  grew  up,  becoming  more  and  more  com¬ 
plex.  Side  by  side  with  the  more  practical  industries 
there  developed  from  the  earliest  times  an  artistic 
ability  for  mural  painting  and  modelling  in  clay,  to¬ 
gether  with  a  sense  of  form  and  colour.  Up  to  about 
ten  thousand  years  ago  Man  was  a  hunting  animal 
like  his  predecessors  the  Cave  Men,  but  somewhere 
about  this  time  he  became  more  domesticated  and 
began  to  cultivate  food  plants  and  tame  animals  for 
his  own  use.  About  eight  thousand  years  ago  modern 
civilisation  began  to  dawn,  gradually  leading  up  to 
the  achievements  of  the  past  century  and  the  almost 
miraculous  feats  of  mechanics  and  engineering  of  to¬ 
day.  The  present  century  has  also  witnessed  remark¬ 
able  scientific  discoveries  in  the  three  realms  of 
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matter,  life  and  mind,  each  of  which  has  led  to  funda¬ 
mental  revolutions  of  thought.  To  such  heights  has 
Man  ascended  since  he  first  developed  a  conceptual 
intellect. 

The  increasing  complexities  of  Man's  mind  and 
life  only  serve  to  deepen  and  widen  the  mystery  of  life. 


CHAPTER  II 


THE  LAWS  OF  HEREDITY 

As  a  house  is  built  up  of  bricks,  so  is  a  body  built 
up  of  cells.  In  the  same  way  that  different  kinds  of 
houses,  from  mansions  to  cottages,  cathedrals,  col¬ 
leges,  factories  or  any  other  kind  of  building  can  be 
built  up  from  the  same  or  similar  kinds  of  bricks,  so 
are  all  the  different  kinds  of  animals  and  plants  built 
up  from  the  same  or  similar  kinds  of  cells.  The  great 
and  fundamental  difference  between  bricks  and  cells 
is  that,  whereas  the  bricks  have  to  be  made  and  built 
up  by  external  aid,  the  cells  have  the  power  of  growth, 
self-reproduction  and  of  building  up  bodies  without 
outside  assistance.  This  is  the  real  difference  between 
Matter  and  Life. 

How  Life  first  arose  depends  entirely  on  the  ques¬ 
tion — how  did  the  power  of  growth  and  reproduction 
arise?  To  some  extent  matter  may  be  said  to  have 
the  power  of  increase  in  the  sense  that  new  substances 
are  built  up  by  the  coming  together  of  the  atoms  of 
the  various  elements  to  make  the  complex  molecules. 
But  the  great  thing  lacking  in  matter  is  the  power  of 
growth  and  reproduction.  This  is  possessed  to  some 
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extent  by  crystals  and  certain  autocatalytic  molecules, 
but  they  can  only  grow  by  attracting  like  atoms.  They 
have  not  the  power  of  growing  by  selecting  and  ab¬ 
sorbing  the  elements  around  them,  which  gives  them 
the  all-important  power  of  self-reproduction  which  is 
perhaps  even  more  important  than  the  power  of 
growth,  though  it  cannot  exist  without  it. 

And  so  when  we  come  down  to  the  fundamentals  of 
the  origin  of  Life  we  find  that  it  is  really  the  origin 
of  growth  and  reproduction  which  we  have  to  seek. 
To  understand  anything  of  this  we  must  first  examine 
what  knowledge  we  have  of  how  plants  and  animals 
grow. 

We  have  seen  that  all  animals  and  plants  are  built 
up  of  the  same  components — cells.  These  are  fitted 
together  much  in  the  same  way  that  the  cells  of  the 
honeycomb  are  fitted  together  (Fig.  l),  with  the  ex¬ 
ception  that  whereas  the  cells  of  the  honeycomb  are 
static  and  beautifully  regular,  the  living  cells  are 
always  growing  and  pushing  this  way  and  that,  so 
that  although  they  preserve  an  approximately  even 
appearance  they  are  always  slightly  irregular  in  size 
and  shape  except  in  those  parts  where  the  cells  are 
formed  once  and  for  all  and  so  remain.  The  greatest 
difference  between  animal  and  plant  cells  is  that  the 
plant  cells  do  more  nearly  resemble  the  honeycomb 
cells,  since  they  form  a  more  or  less  stable  mass  of 
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tissue.  The  animal  cells  are  much  more  mobile,  and 
in  many  parts  of  the  body  they  are  always  in  a  state 
of  movement  and  twist  this  way  and  that,  changing 
shape  with  every  movement,  like  an  amoeba  in  motion. 

If  we  examine  these  cells  under  the  microscope  the 
first  thing  we  notice  is  a  rounded  or  oval  body  con¬ 
tained  in  each  one,  and  we  easily  guess  that  this  is  a 


Fig.  1.  The  difference  between  the  cells  of  a  honeycomb  (A)  and 
those  of  a  plant  (B).  In  the  honeycomb  they  are  quite  regular  in  size 
and  shape,  but  in  the  plant  they  are  different,  for  each  cell  is  continually 
growing  and  altering  its  shape. 


very  important  part  of  the  cell.  It  is  called  the 
nucleus  and  it  is  the  principal  thing,  not  only  in  its 
own  particular  cell,  but  all  the  nuclei  together  are  the 
most  important  part  of  any  animal  or  plant,  since  it  is 
the  contents  of  the  nuclei  which  control  the  growth 
of  every  part  of  their  bodies.  At  certain  times  these 
contents  of  the  nuclei  become  manifested  as  small  rod¬ 
like  bodies.  These  are  called  chromosomes  from  the 
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fact  that  they  take  up  various  dyes  in  a  very  marked 
manner  and  become  literally  coloured  bodies.  The  chro¬ 
mosomes  are  evident,  however,  only  when  a  cell  is 
about  to  divide,  all  the  rest  of  the  time  we  see  only 
the  nucleus  containing  a  lot  of  tiny  dark-staining 
masses  and  a  round  black  body  called  the  nucleolus. 


Fig.  2.  A  cell  from  a  potato  leaf  seen  under  a  high  power.  The  oval 
body  is  the  nucleus  with  the  black  nucleolus  inside  it.  Round  the  out¬ 
side  are  the  chloroplasts  looking  like  a  string  of  beads  in  the  cytoplasm. 


Outside  the  nucleus  there  is  usually  a  mass  of  stuff 
called  cytoplasm,  which  is  made  up  of  various  particles 
and  contains  food  for  the  cells,  streams  of  cytoplasm 
connecting  up  all  the  cells  and  carrying  food  to  all 
parts  and  carrying  away  waste  as  well.  There  are 
various  other  things  in  the  cells,  perhaps  the  most 
interesting  being  the  chloroplasts  (Fig.  2),  which  ap- 
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pear  wherever  there  is  green  colour  in  plants,  in  the 
buds,  leaves  and  stems.  These  are  little  rounded 
bodies  which  give  rise  to  the  green  colour,  but  the 
most  important  thing  about  them  is  that  they  manu¬ 
facture  starch  for  the  plant. 

The  most  important  part  for  us  throughout  this 
book,  however,  is  the  nucleus,  since  the  chromosomes 
are  contained  therein.  These  are  all-important,  as 
they  carry  the  precious  genes  each  of  which  organises 
and  controls  some  part  of  the  growth  and  develop¬ 
ment  of  the  organism  and  without  which  no  life  is 
possible.  The  study  of  these  genes  is  one  of  the  most 
absorbing  pursuits  of  modern  science,  for  in  them  lies 
the  answer  to  many  biological  secrets  and  mysteries. 
In  this  respect  they  may  be  compared  with  the  units 
of  the  physicists,  the  electrons  and  protons,  although 
of  course  the  genes  are  much  larger  in  size  and  their 
carriers,  the  chromosomes,  are  visible  under  the 
microscope. 

It  is  a  curious  fact  that,  whereas  the  fundamental 
units  of  physical  science  appear  to  be  widely  known 
and  appreciated,  there  are  few  people,  in  this  country 
at  all  events,  who  are  familiar  with  the  fundamental 
units  of  biology,  in  spite  of  the  fact  that  they  are  all- 
important  to  our  well  being  in  every  way.  In  America, 
Germany  and  Russia  the  importance  of  Genetics ,  or 
the  study  of  the  genes,  is  more  widely  appreciated. 
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and  great  laboratories  and  research  stations  exist  in 
these  countries  which  are  solely  devoted  to  this  science. 

The  study  of  genetics  was  first  placed  on  an  exact 
basis  by  the  work  of  the  Austrian  abbot  Mendel,  who 
lived  in  the  middle  of  last  century.  Working  with 
garden  peas  he  solved,  by  a  series  of  experiments 
beautiful  in  their  simplicity,  the  fundamental  problems 
of  inheritance.  He  discovered  two  great  principles, 
first  that  the  characters  of  organisms  are  controlled 
by  definite  units  which  he  termed  factors  and  that 
these  units  remain  absolutely  pure  and  unaltered,  no 
matter  how  they  are  mixed  by  hybridisation,  and 
secondly  that  these  factors  segregate  out  in  the  germ 
cells  and  consequently  in  the  offspring  of  any  indi¬ 
vidual.  He  also  found  that  some  of  these  factors  are 
dominant.  That  is,  when  they  are  present  they  always 
control  the  particular  character  they  are  concerned 
with,  while  others  are  recessive,  that  is  in  the  presence 
of  the  dominant  they  remain  dormant  though  always 
maintaining  their  purity  and  ready  to  do  their  work 
quite  unimpaired  when  once  freed  from  the  over¬ 
whelming  influence  of  the  dominating  factors  in  later 
generations. 

Working  with  peas,  Mendel  found  that  yellow 
seed  colour  is  dominant  over  green  seed  colour,  so 
that  when  he  crossed  a  yellow-seeded  pea  with  a 
green-seeded  one,  or  vice  versa ,  he  obtained  nothing 
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but  yellow  seeds.  When  he  selfed  these  hybrid  yellow 
seeds,  however,  he  found  that  the  green  seeds  re¬ 
appeared.  From  this  he  saw  that  when  the  germ 
cells  were  formed  in  his  yellow-green  cross-breds 
half  of  them  were  carrying  the  yellow  factor  and  half 
of  them  the  green.  By  the  laws  of  chance  it  is  obvious 
that,  this  being  the  case,  in  the  offspring  one-quarter 
of  them  will  be  carrying  nothing  but  yellow  factors, 
one-quarter  nothing  but  green,  and  the  remaining 
half  will  be  carrying  yellow  and  green  factors  to¬ 
gether.  This  results  from  the  yellow  factors  meeting 
yellow  ones,  green  factors  meeting  green,  and  yellow 
and  green  factors  meeting  together  in  the  random 
meeting  of  the  germ-cells  at  fertilisation.  Thus  out 
of  every  four  individuals  the  average  result  is  one 
yellow,  two  yellow-green  and  one  green.  Actually, 
as  it  is  impossible  to  tell  the  pure  yellow  peas  from 
the  yellow-green  ones,  since  the  yellow  completely 
dominates  the  green,  we  have  three  apparently  yellow 
peas  to  each  green  one,  i.e.  Mendel's  famous  3  :  1 
ratio.  On  further  breeding  the  pure  yellows  breed 
true  and  the  pure  greens  breed  true,  but  the  yellow- 
greens  again  give  the  3  :  1  ratio  of  three  yellows  to 
one  green,  and  so  they  will  go  on  for  many  generations 
except  for  rare  mutations  (Fig.  3). 

Mendel  suffered  the  unutterable  sadness  of  being 
unrecognised  by  his  own  generation  and  died  a 
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disappointed  man.  Now,  of  course,  he  is  recognised 
as  one  of  the  world's  great  minds  and  benefactors. 


yy  yy  yg  yg  gg  yy  yg  yg  gg  gg 


Fig.  3.  How  the  yellow  and  green  peas  behave  when  they  are  crossed 
together.  YY  stands  for  pure  yellow  peas  and  genes,  GG  for  pure 
green  and  YG  for  plants  which  carry  both  yellow  and  green  genes 
(but  which  only  show  yellow). 

In  1900,  sixteen  years  after  his  death,  his  thirty- 
five  years'  old  papers  were  discovered  and  their  value 
appreciated.  Those  of  us  who  were  already  working 
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experimentally  at  heredity  and  hybridisation  im¬ 
mediately  repeated  his  experiments,  not  only  with 
peas  but  with  other  plants  and  animals,  and  thus  con¬ 
firmed  his  discoveries.  Bitter  were  the  controversies 
that  raged,  however,  between  the  older  biologists 
who  were  not  willing  to  accept  such  a  beautifully 
simple  exposition  of  the  hereditary  mechanism  and 
the  younger  school  who  were  filled  with  a  burning 
enthusiasm  and  an  overwhelming  belief  in  its  bound¬ 
less  possibilities.  Many  breeders  of  plants  and  animals 
were  quick  to  realise  the  great  power  that  was  placed 
in  their  hands,  for  instead  of  breeding  more  or  less 
blindly  as  heretofore  they  could  now  tell  with  approxi¬ 
mate  accuracy  what  to  expect  from  their  matings. 
This  knowledge  quickly  revolutionised  breeding  in  all 
directions,  and  resulted  in  the  production  of  bigger  and 
better  plants  and  animals  used  for  food,  clothing  or 
pleasure.  Thus  all  the  exquisite  modern  varieties  of 
sweet  peas  are  due  to  the  application  of  Mendel's  laws. 

Meanwhile,  having  got  so  far,  biologists  were 
eager  to  discover  definite  physical  evidence  of  the 
existence  of  these  factors.  That  each  germ  cell  of  any 
plant  or  animal  carried  the  necessary  factors  to  pro¬ 
duce  a  new  individual  with  the  characteristics  of  the 
parents  was  already  proved  by  countless  breeding 
experiments  which  had  been  carried  out  by  numerous 
people.  Therefore  it  was  in  the  germ-cells  that  one 
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must  seek.  For  a  considerable  time  the  cells  of  plants 
and  animals  had  been  studied  extensively  under  the 
microscope  and  various  facts  were  already  well  known. 
The  most  important  thing  appeared  to  be  the  small 
rod-like  bodies  or  chromosomes  found  in  each  cell. 


Fig.  4.  Here  we  see  an  old  cell  growing  into  two  new  ones.  First 
we  see  the  normal  cell,  then  the  six  chromosomes  appearing  till  the 
nucleus  disappears  and  only  the  group  of  chromosomes  remains.  Each 
chromosome  splits  into  two  and  the  halves  go  to  opposite  ends  of  the 
cell  where  they  make  two  new  nuclei.  Finally  the  cell  splits  into  two 
and  forms  two  new  cells  each  with  a  nucleus  with  the  same  number  of 
chromosomes  as  the  old  cell. 
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These  had  various  curious  characteristics.  Firstly, 
although  their  number  and  size  varied  in  different 


Fig.  5.  How  a  pollen  grain  is  formed.  First  we  see  part  of  an  anther 
with  the  cells  which  are  to  make  the  pollen  in  the  centre.  Next  but 
one  we  see  one  of  these  under  a  high  power  with  the  three  pairs  of 
chromosomes  from  which  three  chromosomes  go  to  one  side  of  the 
cell  and  three  to  the  other.  The  nuclei  from  these  divide  again  in  the 
usual  way,  making  four  cells  each  containing  only  half  the  full  number 
of  chromosomes.  Each  one  of  these  will  make  a  pollen  grain  with 
three  nuclei  as  seen  in  the  bottom  row.  Each  pollen  nucleus  carries 
three  chromosomes,  or  one  half  of  the  full  number. 

species  of  animals  and  plants,  it  was  found  that  every 
normal  individual  of  any  one  species  has  identically 
the  same  chromosomes  in  number,  size  and  shape  in 
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each  of  its  body  or  somatic  cells.  When  a  cell  attains 
a  certain  size  it  begins  to  divide,  and  as  it  divides 
each  chromosome  splits  exactly  in  two  lengthways, 
one-half  of  each  chromosome  going  into  each  of  the 
two  new  cells.  In  this  way  every  new  cell  formed 
contains  an  exact  replica  of  the  chromosome  sets  in 
the  old  cells  (Fig.  4). 

One  exception  to  this  rule  was  found  however. 
When  the  germ  cells  of  animals  or  plants  are  formed 
the  chromosomes  form  up  in  pairs  (Fig.  5).  One 
chromosome  of  each  pair  then  goes  in  to  each  of  the 
new  cells  so  that  each  germ  cell  has  exactly  half  the 
number  of  chromosomes  found  in  the  body  cells. 
When  two  germ  cells  come  together  at  fertilisation 
then  the  two  half-chromosome  sets  also  come  to¬ 
gether  and  make  a  normal  whole  set,  so  that  the  new 
individual  starts  off  with  exactly  the  same  number  of 
chromosomes  as  its  parents,  having  derived  half  of 
them  from  its  father  and  half  from  its  mother  (Fig.  6). 

Here,  then,  was  the  ideal  mechanism  for  the  segre¬ 
gation  of  the  factors  which  had  already  been  dis¬ 
covered.  In  the  case  of  the  seed  colour  of  the  peas  it 
will  be  remembered  that  the  factor  for  yellow  colour 
was  carried  by  half  the  germ  cells  and  the  factor  for 
green  by  the  other  half  in  the  yellow-green  cross¬ 
breds.  Supposing  these  factors  to  be  carried  by  the 
chromosomes,  the  halving  of  these  bodies  in  the  germ 
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Fig.  6.  How  a  seed  is  formed.  First  the  ovule  with  the  cell  which 
will  make  the  embryo  sac  in  the  centre.  Then  we  see  the  divisions  of 
this  cell  just  like  those  in  the  pollen  to  form  four  cells,  each  with  only 
half  the  full  number  of  chromosomes,  but  here  only  one  of  the  four 
continues.  This  makes  an  embryo  sac  with  eight  nuclei.  One  of  these, 
the  egg  nucleus,  is  joined  by  the  pollen  nucleus  and  from  the  two  arises 
the  young  embryo  which  will  grow  into  a  new  plant,  again  bearing 
the  full  number  of  chromosomes  found  in  the  parent  plants. 
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cells  provided  the  necessary  mechanism  for  the  separa¬ 
tion  of  the  yellow  and  green  colour  factors.  This  now 
remained  to  be  proved. 

In  the  numerous  experiments  that  had  been  carried 
out  it  had  been  found  that  the  factors  did  not  always 
segregate  independently.  Some  of  the  factors  always 
remained  linked  or  stuck  together  as  it  were.  Now 
it  was  obvious  that  there  are  hundreds  of  factors 
necessary  to  produce  an  individual,  and  as  a  general 
rule  there  are  only  a  few  pairs  of  chromosomes  in  its 
cells.  Many  lilies,  for  instance,  have  twelve  pairs  of 
chromosomes,  most  garden  roses  fourteen  pairs  and 
so  on.  If  all  these  numerous  factors  are  carried  by 
the  chromosomes  each  chromosome  must  carry  many 
factors. 

It  remained  for  the  genius  of  Hunt  Morgan  and  his 
helpers  in  America  to  prove  this.  He  had  been 
working  with  the  little  fruit  fly  Drosophila ,  and  had 
found  that  it  had  four  pairs  of  chromosomes.  Here 
was  ideal  material  with  which  to  work.  The  flies  are 
small,  whole  families  can  be  bred  and  brought  up  in 
a  half-pint  milk  bottle.  They  multiply  very  rapidly, 
so  that  a  new  generation  can  be  produced  every  fort¬ 
night.  Moreover,  the  small  number  of  chromosomes 
made  it  comparatively  easy  to  solve  the  question  as 
to  whether  there  were  the  same  number  of  linked 
genes  as  there  were  chromosomes. 
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Another  interesting  fact  was  that  in  male  and  fe¬ 
male  individuals  the  chromosomes  are  slightly  dif¬ 
ferent.  There  is  always  one  pair  known  as  the  sex 
chromosomes,  since  this  particular  pair  varies  in  the 
different  sexes.  In  the  fruit  fly  the  female  has  two 
equal-sized  chromosomes  making  up  this  pair,  known 
as  the  X  chromosomes,  but  the  male  has  one  X  chro¬ 
mosome  and  a  longer  T  chromosome.  It  was  seen 
that  if  characters  which  were  in  different  sexes  could 
be  located  in  these  chromosomes  it  would  be  com¬ 
paratively  easy  to  follow  them  up. 

A  long  series  of  experiments  was  started.  It  was 
soon  found  that  if  the  linked  factors  did  come  unstuck 
they  did  not  do  it  singly  but  in  blocks.  Examination 
of  the  chromosomes  showed  that  at  certain  times  they 
become  very  elongated,  and  at  these  times  they  twist 
round  one  another  in  such  a  way  that  sometimes  pieces 
break  off  and  change  places  with  a  piece  of  the  other 
chromosome  of  the  pair.  This  proved  to  be  most  im¬ 
portant,  for  from  this  'crossing  over*  of  factors  it  was 
easy  to  estimate  those  which  occurred  near  together, 
for  it  was  evident  that  the  nearer  they  lie  together 
the  less  likely  are  they  to  become  separated  and,  con¬ 
versely,  the  farther  apart  they  are  the  more  likely 
they  are  to  become  separated. 

From  the  fruit  fly  experiments  various  important 
deductions  were  drawn.  First,  that  the  number  of  the 
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linkage  groups  corresponded  exactly  with  the  number 
of  chromosomes,  showing  that  the  factors  were 
actually  contained  by  them.  Secondly,  that  these 
factorial  units  were  located  side  by  side  on  the  chro¬ 
mosome  something  like  a  string  of  beads.  Thirdly, 
that  each  factor  had  its  own  definite  position  which 
became  altered  only  by  accident. 

Here  then  was  the  proof  of  the  physical  existence 
of  the  factors.  From  henceforth  they  received  a  new 
name  and  were  termed  genes ,  and  the  science  devoted 
to  them  became  known  as  genetics. 

Having  proved  the  whereabouts  of  the  genes  in  the 
chromosomes  of  the  fruit  fly,  geneticists  were  not 
satisfied  till  they  had  proved  it  for  other  animals  and 
plants.  The  chromosomes  of  the  fruit  fly  were  care¬ 
fully  'mapped  out',  and  the  relative  positions  of  the 
genes  within  them  calculated  and  inserted.  Soon 
everyone  was  busy  mapping  out  other  species,  and 
although  there  were  many  more  obstacles  to  face  in 
the  shape  of  breeding  difficulties  and  larger  numbers 
of  chromosomes  it  was  soon  proved  that  the  chromo¬ 
somes  were  indeed  the  bearers  of  the  hereditary  units 
and  that  to  their  very  reliable  mechanism  we  owe  the 
regular  behaviour  of  the  inheritance  of  characteristics 
from  parents  to  children.  One  becomes  so  accustomed 
to  the  orderly  workings  of  heredity  that  it  passes 
almost  unobserved,  but  a  moment's  thought  will  re- 
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mind  us  that  it  really  is  a  most  wonderful  thing.  The 
little  girl  who  answered  ‘  Little  elephants !  *  when 
asked  what  an  elephant  has  which  no  other  animal 
possesses  was  voicing  a  profound  truth  to  which  we 
are  blinded  by  familiarity.  The  production,  generation 
after  generation,  of  offspring  identical  in  all  but 
minor  peculiarities  with  their  parents  is  indeed  one 
of  the  chief  miracles  of  life,  and  only  by  this  orderly 
mechanism  of  the  divisions  of  the  chromosomes  and 
their  contained  genes  can  it  be  maintained. 


CHAPTER  III 


THE  GENE:  THE  ORIGIN  OF  LIFE 

H  aving  located  the  genes  in  the  chromosomes  we 
must  now  consider  the  question  as  to  what  they  really 
are.  Like  the  electrons  of  the  physicists  one  cannot 
see  them  but  only  follow  them  by  the  effects  of  their 
actions.  By  this  means,  however,  much  evidence  has 
been  accumulated  already  and  much  more  is  being 
obtained  as  more  experiments  are  devised  to  track 
them  down.  Since  the  genes  are  of  such  vital  im¬ 
portance,  it  is  worth  while  to  consider  carefully  what 
has  been  discovered  about  their  nature.  One  must, 
however,  draw  a  careful  distinction  between  what  is 
actually  demonstrated  and  proved  about  them  and 
what  are  merely  speculative  estimates  based  on  experi¬ 
ments,  but  as  yet  unconfirmed,  regarding  their  nature, 
structure  and  size. 

Although  the  gene  is  so  minute  that  it  cannot  be 
seen  even  by  the  highest  powered  ultra-microscopes, 
yet  countless  genetical  experiments  with  plants  and 
the  higher  animals  have  definitely  proved  their  pre¬ 
sence  and  their  positions  in  the  chromosomes.  The}^ 
are  known  to  lie  side  by  side  in  linear  position  within 
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the  chromosomes,  each  gene  occupying  a  definite 
position  relative  to  the  other  genes  and  each  one 
giving  a  definite  reaction  which  controls  or  helps  to 
control  some  part  of  the  living  organism,  in  which  it 
is  found  in  every  living  cell.  Thousands  of  experi¬ 
ments  in  Drosophila  and  other  animals  and  plants 
have  enabled  geneticists  to  make  accurate  'maps'  of 
the  chromosomes  showing  the  positions  of  their  con¬ 
tained  genes.  Not  only  have  they  been  able  to  note 
the  relative  positions  but  they  have  recently  also  been 
able  to  measure  their  actual  distances  from  one 
another  and  the  length  of  chromosome  occupied  by 
them.  This  has  been  done  by  determining  the  genes 
in  pieces  of  chromosome  which  have  become  severed 
from  their  parent  chromosome,  and  measuring  the 
lengths,  comparing  with  similar  breaks  which  keep 
occurring.  Recent  work  has  also  attempted  to  prove 
the  relative  size  of  the  genes,  but  this  is  not  yet  con¬ 
firmed  and,  in  science,  unless  an  experiment  has  been 
repeated  and  confirmed  by  other  workers  its  inter¬ 
pretation  must  remain  as  a  working  hypothesis  merely. 
From  this  work  it  appears  that  different  genes  may 
vary  considerably  in  size  or  activity,  and  from  the 
results  of  genetical  research  this  would  seem  to  be  a 
reasonable  deduction. 

With  regard  to  the  more  or  less  speculative  con¬ 
cepts  of  the  nature  and  structure  of  the  gene,  it  is 
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inferred  that  the  gene  is  a  physico-chemical  structure 
of  minute  size.  These  particles  are  by  experimental 
inference  molecules  (or  more  or  less  complex  com¬ 
binations  of  atoms),  but  differing  from  ordinary 
molecules  inasmuch  as  they  have  the  power  to  grow 
by  utilising  the  matter  around  them  and  to  reproduce 
themselves  and  to  mutate.  This,  so  far  as  one  can 
see  at  present,  can  only  be  achieved  by  catalytic 
synthesis,  and  the  genes  may  be  regarded  as  auto¬ 
catalysts.  Since  these  genic  molecules  give  rise  to 
different  reactions  it  may  be  inferred  that  each  one 
must  be  of  different  constitution  and  structure.  Very 
interesting  work  has  been  done  recently  on  the 
nervous  system,  and  it  was  found  that  certain  physio¬ 
logical  effects  were  caused  by  the  specific  structure 
of  the  organic  molecules  involved.  This  has  also  been 
found  for  other  bodily  functions  each  showing  varying 
effects,  the  influence  of  each  one  being  dependent  on 
its  particular  molecular  structure.  From  this  one  may 
infer  by  analogy  that  the  genes  have  each  a  specific 
molecular  structure  and  that  on  the  differences  be¬ 
tween  these  their  varying  reactions  depend.  We  know 
from  X-ray  experiments  that  definite  mutations  are  re¬ 
peated  in  identical  form,  which  implies  that  the  X-rays 
cause  a  physical  change  of  structure  in  the  gene. 

A  considerable  amount  of  work  has  been  done  in 
an  attempt  to  solve  the  size  of  the  gene,  based 
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principally  on  the  calculated  number  of  genes  present 
and  the  length  of  the  chromosomes  in  which  they  are 
contained.  On  this  basis,  the  largest  possible  gene 
size  in  Drosophila  (the  fruit  fly)  is  estimated  at  about 
77  millimicra  in  diameter  and  the  smallest  possible 
size  £0  millimicra,  giving  an  average  size  of  48*5 
millimicra.  (A  millimicron  is  one-millionth  part  of 
a  millimetre  or  one-thousandth  part  of  a  micron.)  It 
is  estimated  that  the  total  number  of  genes  in  the 
germ  cells  of  the  fruit  fly  cannot  be  less  than  1800, 
which  would  of  course  be  3600  in  the  body  cells  of 
the  flies.  If  this  number  is  divided  by  the  total  length 
of  the  chromosomes  in  their  elongated  condition  it 
gives  an  average  diameter  of  50  millimicra  for  the 
genes.  This  is  approximately  the  same  size  as  that 
of  some  of  the  colloidal  particles  and  also  of  some  of 
the  larger  filter-passers.  Since  the  highest-powered 
microscopes  at  present  in  existence  cannot  show  any¬ 
thing  smaller  than  £50  millimicra  there  is  little 
hope  of  being  able  to  see  the  naked  genes  under  the 
microscope,  though  in  some  plants  like  lilies,  which 
have  very  large  chromosomes,  it  is  possible  to  see 
small  masses  of  material  which  may  possibly  be  the 
genic  coverings. 

A  wide  field  lies  open  to  the  biophysicists  and  bio¬ 
chemists  in  solving  the  true  nature  of  the  genes,  and 
this  forms  one  of  the  most  interesting  and  important 
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problems  in  modern  biology.  Not  only  do  we  want 
to  know  how  they  are  built  up,  how  they  grow  and 
reproduce  and  mutate,  but  above  all  how  they  control 
and  direct  those  chemical  reactions  which  give  rise  to 
all  the  organs  and  functions  of  a  perfect  body.  That 
they  have  specific  qualities  capable  of  producing  these 
results  has  been  amply  demonstrated  by  the  experi¬ 
ments  of  geneticists  who  have  demonstrated  time  and 
again  how  the  addition  and  subtraction  of  genes  have 
a  far-reaching  influence  on  the  growth  and  develop¬ 
ment  of  individuals. 

Previously  biologists  working  at  the  origin  of  life 
have  worked  with  the  general  contents  of  the  cell. 
These  have  been  examined  and  tested  in  every  con¬ 
ceivable  way,  and  efforts  have  been  made  to  reproduce 
life  by  a  synthesis  of  the  constituents  of  an  ordinary 
cell.  With  our  present  knowledge,  however,  it  is  in¬ 
conceivable  that  the  complicated  organisation  of  the 
cells  and  their  contents  could  have  come  into  being 
without  the  previous  existence  of  genes  to  organise 
and  control  development.  The  possibility  of  producing 
life  in  the  laboratory  becomes  an  even  more  remote 
possibility  now  that  its  origin  has  been  tracked 
down  to  these  minute  genic  molecules.  Even  if  it 
were  possible  to  join  the  atoms  together  in  such  a  way 
as  to  form  a  living,  growing  and  self-producing  mole¬ 
cule  this  would  not  be  a  very  tangible  proof  of  life, 
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for  it  would  be  too  minute  to  see,  and  until  one  could 
get  colonies  of  these  molecules  to  build  up  bodies 
large  enough  to  see  under  the  microscope  there  would 
be  no  evidence  of  their  presence.  One  can  hardly 
expect  to  achieve  in  the  laboratory  in  a  short  time 
what  has  taken  millions  of  years  in  Nature. 

With  our  present  knowledge  of  the  genes  and  their 
intimate  and  invariable  association  with  life  and  their 
power  of  acting  as  the  organisers  of  the  characters  of 
living  organisms,  it  is  clearly  evident  that  they  were 
concerned  directly  with  the  first  origin  of  life.  By  a 
series  of  fortunate  circumstances  and  the  suitability 
of  conditions  for  such  an  occurrence  some  carbonaceous 
molecules  must  by  a  fortunate  combination  of  atoms 
have  achieved  the  power  to  grow,  to  reproduce  them¬ 
selves  and  to  mutate.  These  naturally  would  not  be  so 
complex  as  the  genes  of  to-day  but  would  be  of  the 
nature  rather  of  simple^progenes,  in  a  half-alive  state 
midway  between  a  self-reproducing  chemical  ferment 
and  a  living  ultra-microscopical  organism.  These  early 
progenes  would  presumably  be  relatively  simple  and 
free,  living  on  the  inorganic  matter  around  them  as 
certain  species  of  bacteria  do  to  this  day.  They  would 
have  the  power  to  reproduce  themselves  rapidly  which 
would  give  them  a  great  advantage  over  the  slower 
self-reproducing^hemical  molecules.  Changes  in  their 
atomic  structure  would  occur  from  time  to  time  both 
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in  the  quantity  and  quality  of  their  material  without 
destroying  their  powers  of  growth,  reproduction  and 
mutation.  From  these  small  changes  in  the  course  of 
time  greater  degrees  of  complexity  would  arise  by 
mutations  and  combinations  until  more  complex  units 
were  evolved  by  co-operation  and  natural  selection. 
The  next  great  step  would  be  the  building  up  of  a 
protoplasmic  covering,  and  those  genes  which  achieved 
this  would  undoubtedly  possess  such  a  superiority 
that  they  would  multiply  and  increase  exceedingly, 
since  the  covering  would  provide  a  useful  and  potent 
protection  from  the  outer  world.  To-day  in  the  great 
kingdom  of  Protista  which  includes  bacteria  and  blue- 
green  algae,  a  very  simple  form  of  gene  co-operation 
is  to  be  observed,  inasmuch  as  in  the  simpler  forms 
of  these  the  genes  lie  scattered  in  the  body  of  the 
organism.  In  more  advanced  types  the  genes  come 
more  together  in  scattered  groups  and  in  still  more 
advanced  types  an  elementary  chromosome  appears. 

The  coming  together  of  groups  of  genes  to  make 
chromosomes  was  one  of  the  most  important  steps  in 
evolution,  since  it  provided  a  remarkable  mechanism 
for  the  preservation  and  the  carrying  on  of  the  genes 
from  one  generation  to  another.  As  the  number  of 
genes  increased  an  orderly  division  of  them,  so  that 
each  new  cell  received  exactly  one-half  of  them,  would 
be  impossible  without  a  definite  mechanism  to  hold 
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them  together.  Failing  this  mechanism  many  genes 
would  get  lost  in  the  divisions  and  the  new  individuals 
would  lose  more  and  more  of  them  until  life  would 
become  impossible.  The  evolution  of  the  chromosomes 
eliminated  this  danger  and  provided  a  vehicle  for  the 
increase  of  complexity  which  with  the  evolution  of  sex 
gave  rise  after  long  ages  of  natural  selection  to  the 
complexities  of  the  higher  plants  and  animals  in¬ 
cluding  Man  himself. 

In  the  bacteriophage,  previously  mentioned,  we 
reach  the  present  limit  of  the  smallest  particles  that 
may  be  regarded  as  alive.  It  is  estimated  that  the 
bacteriophage  is  on  the  average  only  about  20  milli- 
micra  in  diameter,  the  size  ranging  from  8  to  30 
millimicra.  Since  they  are  able  to  increase  in  number 
very  rapidly  by  consuming  living  bacteria  it  would 
appear  that  they  are  themselves  alive  and  similar  to  a 
virus  organism,  although  some  investigators  believe 
them  to  be  non-living  chemical  ferments  acting  only 
on  living  matter  but  with  the  power  of  self-reproduc¬ 
tion.  At  present  these  bacteriophages  can  only  be 
detected  by  their  ravages  on  bacteria,  and  in  this 
respect  they  are  probably  highly  beneficial  to  Man. 
One  must,  however,  not  lose  sight  of  the  possibility 
that  there  may  be  countless  hordes  of  such  organisms 
existing  everywhere,  feeding  on  either  living  or  non¬ 
living  matter  without  giving  any  signs  of  their 
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existence.  Whether  one  regards  these  ultra-minute 
organisms  as  alive  or  not,  it  is  evident  that  here  we 
are  on  the  very  borderline  between  life  and  matter, 
and  the  future  study  of  these  organisms  probably 
holds  the  key  to  the  mystery  of  life  and  its  origin 
from  matter.  In  size  the  bacteriophages  are 
practically  equivalent  to  the  size  estimated  for  the 
smallest  genes,  and  it  is  natural  to  suppose  that 
they  may  represent  the  nearest  approach  we  have 
in  the  world  to-day  to  the  original  progenes  and  the 
protogene  which  was  the  origin  of  life  more  than  a 
thousand  million  years  ago.  It  is  possible  that  con¬ 
ditions  may  not  now  be  suitable  for  the  evolution  of 
new  progenes  out  of  matter,  and  that  the  bacterio¬ 
phages  are  the  descendants  of  far-away  ancestors 
which  have  remained  more  or  less  in  the  original 
primitive  state  and  have  failed  to  climb  the  great 
stairway  of  creative  evolution  which  was  ascended 
by  some  of  their  fellows.  The  bacteriophages  of  to¬ 
day  have,  however,  certainly  evolved  to  the  extent 
of  feeding  on  living  matter  in  the  shape  of  bacteria, 
since  it  is  obvious  that  the  original  progenes  could 
have  nothing  but  inorganic  matter  to  live  on  in  the 
first  instance.  The  parasitic  life  of  the  bacteriophage 
has  led  them  to  a  blind  alley  in  evolution,  while  their 
hosts  and  cousins,  the  bacteria,  have  carried  on  the 
line  of  creative  evolution  up  to  the  formation  of  the 
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genes  into  chromosomes,  while  many  of  them  have 
now  degenerated  into  parasites  of  their  more  complex 
descendants. 

From  these  half-alive  bacteriophages  to  the  larger 
living  bacteria  which  measure  about  750  milli- 
micra,  there  is  more  or  less  a  continuous  series  of 
sizes  with  similar  behaviour  and  reactions.  There  is  no 
gap  between  the  smaller  bacteria  and  the  larger  virus 
organisms,  nor  between  the  smaller  viruses  and  the 
bacteriophage.  For  the  most  part  the  virus  organisms 
are  too  small  for  their  structure  to  be  made  out  except 
in  a  few  of  the  larger  ones,  which  are  crudely  out¬ 
lined  on  a  photographic  plate  through  the  ultra¬ 
microscope.  Yet  all  show  inherited  specific  reactions 
which  provide  evidence  that  they  contain  genes  or 
similar  determinants.  Even  in  the  smallest  bacterio¬ 
phages  there  exist  pure  races  or  strains  each  of  which 
has  a  specific  and  characteristic  range  of  action  on  the 
different  bacteria  on  which  they  are  found.  The  pro¬ 
blem  as  to  whether  these  bacteriophages  are  them¬ 
selves  free  genes  or  progenes  is  at  present  impossible 
to  determine.  The  chief  point  of  interest  is  that  these 
ultra-minute  organisms  are  on  the  borderline  of  life 
and  matter  and  may  well  represent  an  early  stage  of 
the  evolution  of  life  from  matter. 
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THE  GENE  COMPLEX 

In  the  higher  and  more  complex  animals  and  plants 
the  various  actions  and  reactions  which  determine  and 
control  their  growth  and  development  are  due  not 
only  to  the  efforts  and  actions  of  the  individual  genes 
themselves  but  also  to  the  combined  actions  and  re¬ 
actions  of  the  whole  gene  complex.  There  are  few 
parts  of  any  higher  organism  which  are  controlled  by 
one  gene  alone,  and  most  of  them  are  determined  and 
controlled  by  a  definite  set  of  genes,  each  one  of  the 
set  acting  and  interacting  upon  the  others  and  all 
reacting  to  the  environment.  Not  only  is  this  so  for 
one  part  of  the  body  but  the  entire  set  of  genes,  or 
gene  complex,  forms  an  interlocking  whole,  the  con¬ 
tained  genes  acting  and  reacting  upon  each  other  so 
that  an  accident  occurring  to  one  set  of  genes  and 
even,  in  many  cases,  to  one  gene  alone,  is  sufficient 
to  upset  the  entire  balance  of  the  organised  system 
and  to  cause  incomplete  development,  sterility  and 
even  death.  In  other  words,  each  individual  organism 
has  a  genic  personality  which  is  determined  by  its 
gene  complex. 
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Although  the  genes  often  go  on  for  ages  and 
ages  without  a  change  they  occasionally,  by  some 
mysterious  accident,  change  or  mutate ,  as  it  is  called. 
This  is  presumably  due  to  the  complex  living  mole¬ 
cule,  which  the  gene  is  believed  to  be,  becoming 
changed  in  its  structure  by  a  change  in  or  a  rearrange¬ 
ment  of  its  parts  and  so  giving  off  a  different  reaction. 
Or  maybe  in  one  of  the  multitudinous  divisions  which 
occur  in  the  continuous  formation  of  new  cells  from 
old  ones,  the  division  of  the  gene  is  not  quite  equal, 
a  little  more  than  the  half  goes  into  one  cell  and  a 
little  less  into  the  other.  There  is  some  evidence  also 
that  at  times  a  part  of  the  gene  may  become  inactive, 
so  that  it  only  gives  off  part  of  its  usual  reaction  as 
in  unilocal  mutations.  Whatever  happens,  however, 
it  is  a  fact  that  genes  do  change  repeatedly.  In 
the  fruit  fly,  for  instance,  a  race  with  red  eyes  will 
suddenly  produce  an  individual  with  white  eyes. 
Something  has  happened  to  the  gene  which  deter¬ 
mines  the  red  eye  colour  and  we  get  white  eyes  as  a 
result.  Not  only  do  we  get  this  individual  with  white 
eyes  but  if  we  breed  from  it  we  find  white  eyes  oc¬ 
curring  in  its  descendants,  and  a  race  of  pure-breeding 
white-eyed  flies  can  be  raised. 

In  the  case  of  the  eye-colour  mutation  the  difference 
in  eye  colour  is  probably  of  no  particular  importance 
to  the  fly,  any  more  than  the  possession  of  blue  eyes 
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makes  people  different  from  brown-eyed  individuals. 
But  mutations  often  occur  which  are  definitely  in¬ 
jurious  to  the  individual,  in  fact  it  ma}^  be  said  that 
many  of  the  mutations  which  occur  are  definitely  bad 
and  injurious  either  to  the  health  or  life  of  the  un¬ 
fortunate  individual  in  which  they  occur.  It  is  these 
cases,  however,  which  show  us  the  vital  importance 
of  each  gene  to  the  welfare  of  the  body  as  a  whole, 
and  how  important  is  the  gene  complex  which  is  so 
delicately  balanced  and  adjusted  to  produce  a  perfect 
individual  in  exact  harmony  with  its  environment  that 
even  a  slight  deviation  is  sufficient  to  upset  the  normal 
balance.  Although  a  few  genes  control  only  a  small 
area,  yet  the  majority  of  genes  give  out  reactions 
which  pass  through  the  whole  and  affect  every  part 
of  it.  To  revert  to  colour,  which  is  more  obvious  than 
the  physical  reactions,  there  are  many  plants  which 
will  show  red  or  purple  colour  not  only  in  their 
flowers  but  also  in  their  leaves  and  particularly  in 
their  stems  and  buds.  The  red  colour  gene  is  working 
in  all  parts  of  the  body.  Translate  this  effect  for  a 
gene  which  controls  some  definite  physiological  reac¬ 
tion  of  the  body  and  it  is  obvious  that  if  this  is  put 
out  of  action  or  its  effects  altered  in  any  way  (unless 
by  a  happy  chance  it  is  an  alteration  for  the  better 
which  does  occur  occasionally)  the  whole  individual 
will  suffer.  On  the  other  hand,  when  many  genes  are 
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in  control  of  the  same  reaction  the  failure  or  change 
of  one  gene  will  usually  so  upset  the  balance  of  the 
others  that  they  will  all  become  more  or  less  affected. 
Much  more  virulent,  of  course,  are  the  effects  of  acci¬ 
dents  which  occur  to  whole  sets  of  genes  on  the 
occasions  when  pieces  or  perhaps  whole  chromosomes 
are  lost.  Here,  where  many  genes  controlling  many 
parts  of  the  individual  are  missing,  it  is  obvious  that 
if  they  are  of  any  vital  physiological  importance  the 
life  of  the  individual  must  come  to  an  abrupt  end. 

Thus  we  see  that  it  is  the  whole  complex  of  genes, 
jointly  and  severally,  in  their  interactions  and  reac¬ 
tions  with  one  another,  and  also  with  the  internal 
and  external  environments  of  the  individual,  which 
organises  and  controls  the  development  and  ultimately 
determines  the  characters  of  the  organism.  Thus  we 
can  appreciate  the  extraordinary  value  of  the  chromo¬ 
somes,  which  not  only  provide  a  reliable  covering  of 
many  wrappers  to  protect  the  genes  from  injury  but 
also  keep  their  number  and  position  intact  through 
all  the  dangers  and  difficulties  of  the  constant  cell 
divisions.  The  amazing  thing  is  that  so  few  accidents 
do  happen  at  this  time  when  we  consider  the  great 
frequency  of  these  divisions  and  their  extreme  com¬ 
plexity  in  the  higher  organisms  where  so  many  genes 
are  present,  each  one  of  which  must  divide  exactly 
to  reproduce  the  old  cell  identically  in  the  new  ones. 
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By  means  of  the  occasional  accidents  or  mutations 
which  do  occur  many  changes  have  come  about  in  the 
genes  of  all  species  of  plants  or  animals.  Although 
by  the  change  in  their  reactions  they  appear  to  be 
different  these  genes  still  occupy  the  same  position 
in  the  chromosomes  which  they  had  before  the  change. 
Thus  in  the  peas  the  genes  for  yellow  and  green  seed 
colour  occupy  the  corresponding  chromosome  position 
or  locus,  since  the  one  arose  from  the  other  by  muta¬ 
tion.  In  some  cases,  such  as  the  eye  colours  in  the 
fruit  fly,  where  several  mutations  have  occurred  in 
one  locus,  there  is  a  series  of  genes  all  producing 
different  degrees  of  the  character  controlled  by  that 
particular  gene.  These  are  known  as  unilocal  genes 
or  multiple  allelomorphs,  and  all  genes  which  occupy 
the  same  locus  in  the  two  chromosomes  of  a  pair  in 
a  cross-bred  individual  are  said  to  be  allelomorphic 
to  one  another. 

One  of  the  most  interesting  cases  of  the  interaction 
of  several  genes  to  form  one  character  is  in  the  coat 
colour  of  the  wild  rabbit,  known  as  agouti  grey.  This 
agouti  is  a  complex  mixture  of  colour  shades  due  to 
the  variable  disposition  of  black  and  yellow  pigments 
in  the  hairs,  each  hair  having  a  more  or  less  regular 
pattern  of  a  black  base  and  apex  with  a  yellow  band 
between.  Agouti  animals  also  have  a  grey-white 
belly  and  undertail  and  brown  eyes.  Now  in  the  con- 
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ventional  genetical  shorthand  which  assigns  big  letters 
{A  A)  to  dominant  characters  and  small  letters  (aa) 
to  recessive  characters,  it  is  usually  said  that  agouti 
fur  colour  (which  is  common  not  only  to  rabbits  but 
to  rats,  mice,  guinea-pigs  and  other  rodents)  is  due 
to  a  gene  A.  This,  strictly  speaking,  is  quite  true, 
since  no  rabbit  can  have  agouti  fur  unless  the  dominant 
gene  A  is  present  in  its  gene  complex.  But  this  is  by 
no  means  the  whole  story,  for  experiments  have 
proved  that  at  least  four  pairs  of  genes  are  needed  for 
its  organisation  and  that  many  other  genes  are  also 
concerned. 

For  the  sake  of  convenience  we  will  call  these  four 
pairs  of  principal  genes  AABBCCDD.  The  real  wild 
rabbit  usually  carries  all  these  genes  in  an  absolutely 
pure  state,  so  that  all  the  rabbits  breed  true  for  agouti 
fur.  Occasionally,  however,  these  genes  mutate.  In 
the  wild  state  the  mutation  is  rarely  preserved,  as 
agouti  is  obviously  the  most  protective  colouring, 
but  under  domestication  many  of  these  mutations 
have  been  carefully  preserved  and  we  now  have  a  wide 
range  of  different  coloured  rabbits.  Taking  the  genes 
AABBCCDD  in  rotation,  if  the  dominant  gene  A 
mutates  to  a  recessive  state  a  and  this,  by  inbreeding, 
produces  the  pure  recessive  state  aa ,  we  get  a  rabbit 
with  the  genic  constitution  aaBBCCDD.  This  will  be 
an  entirely  black  rabbit  with  black-brown  eyes.  If 
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the  dominant  B  gene  changes  we  get  an  AAbbCCDD 
rabbit  which  is  golden  yellow  with  yellow-brown  eyes. 
If  by  chance  both  the  A  and  the  B  change  so  that  we 
get  an  aabbCCDD  rabbit  it  will  be  a  ‘tortoiseshell* 
with  yellow  body,  dark  nose,  feet,  belly  and  under¬ 
tail  and  light  brown  eyes.  The  two  latter  pairs  of 
factors  are  even  more  interesting,  for  if  the  D  becomes 
d  the  resulting  rabbit  will  be  white  with  blue  eyes 
in  spite  of  the  fact  that  it  carries  both  the  A  and  the 
B  genes  in  a  dominant  condition.  The  change  of  the 
dominant  C  to  c  is  even  more  drastic,  for  in  this  case 
the  rabbit  is  a  pure  albino  with  a  pure  white  coat  and 
pink  eyes.  These  two  genes  C  and  D ,  although  they 
produce  no  colour  themselves,  are  therefore  necessary 
to  the  proper  working  of  the  definite  colour  genes 
A  and  B,  and  these  latter  can  only  show  when  C  and 
D  are  present.  An  interesting  experiment  is  to  cross 
a  white  blue-eyed  rabbit  AABBCCdd  with  a  pink¬ 
eyed  albino  AABBccDD.  Since  the  resulting  rabbit 
will  be  AABBCcDd  it  will  be  an  ordinary  grey 
agouti  rabbit  of  the  wild  coloured  type  because  all 
four  dominant  genes  are  present. 

Another  pair  of  genes  FF  changes  grey  agouti  into 
cinnamon,  and  black  into  chocolate,  when  it  is  present 
in  its  recessive  form  ff.  Another  pair  GG,  in  its 
recessive  form  gg,  reduces  the  amount  of  pigment 
deposited,  so  that  a  grey  agouti  becomes  blue-grey,  a 
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black  rabbit  becomes  blue,  a  chocolate  one  lilac,  a 
yellow  changes  to  creamy  fawn  and  a  tortoiseshell 
to  blue-fawn.  These  numerous  reactions  of  the  pair 
of  recessive  genes  gg  with  other  genes  provide  an 
excellent  example  of  the  far-reaching  effects  in  a 
single  direction  of  one  pair  of  genes.  This  is  only  a 
small  part  of  the  coat-colour  story  in  rabbits.  There 
are  numerous  other  genes  which  produce  the  lesser 
known  colours  and  shade  variations,  and  there  are 
two  long  series  of  genes  associated  with  the  English 
spotted  rabbits  and  the  Dutch  marked  varieties,  the 
first  being  a  dominant  series  and  the  second  a  reces¬ 
sive  series. 

In  addition  to  the  colour  and  pattern  genes  there 
are  the  genes  which  affect  the  length,  texture  and 
quality  of  the  fur.  The  most  important  of  these  are 
two  pairs,  LL  and  RR,  which  in  the  recessive  states 
11  and  rr  produce  great  changes  in  the  fur,  making  a 
much  longer  or  much  shorter  coat  and  thereby 
changing  the  shade  of  colour.  II  produces  the  long 
woolly  hair  of  the  Angora  rabbit,  while  rr  produces 
the  very  short  mole-like  hair  of  the  Rex  rabbit.  Both 
these  are  recessive  to  the  normal  wild  fur  which  is 
LLRR.  Looking  at  a  wild  rabbit,  one  would  never 
suspect  the  latent  possibilities  hidden  within  its  gene 
complex.  From  the  little  grey  agouti  rabbit  of  the 
wilds  and  the  warrens  to  one  of  the  magnificent  exhi- 
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bition  specimens  seems  to  be  a  far  cry,  but  the  latter 
have  all  arisen  from  carefully  preserved  mutations  of 
the  wild  and  domesticated  rabbits.  Such  is  the  power 
of  the  genes.  Actually  in  a  wild  condition  these 
mutations  could  hardly  exist  and  survive,  since  ob¬ 
viously  a  white,  black,  yellow  or  spotted  rabbit  is  a 
much  more  conspicuous  object  in  the  landscape  to  its 
various  enemies  than  the  normal  grey  agouti  neutral 
colour  which  blends  with  the  colour  of  the  native 
heath  and  soil.  In  some  conditions,  however,  such 
changes  of  coat  colour  are  not  only  practicable  but 
advantageous ;  in  the  case,  for  instance,  of  the  Florida 
mouse,  which  typically  lives  on  dark  soil  and  is  cor¬ 
respondingly  dark  coloured,  there  is  a  race  living  on 
Santa  Rosa  Island  in  the  Gulf  of  Mexico  which  is 
yellowish  white  in  colour.  Since  these  light-coloured 
animals  live  on  the  white  sand  which  forms  the  island 
they  are  inconspicuous  to  their  enemies  and  blend 
with  their  environment  in  ideal  conditions  for  sur¬ 
vival.  Experiments  show  that  this  pale  colour  has 
arisen  as  a  mutation  of  the  normal  brown  type  and  is 
analogous  to  similar  shades  in  rabbits.  Another  case 
is  that  of  the  white  polar  bear  in  the  Arctic  regions 
of  snow  and  ice,  and  many  other  like  examples  could 
be  quoted  in  which  the  mutation  has  been  a  distinct 
advance  on  the  normal  in  new  and  changed  conditions 
of  life. 
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Owing  to  their  great  facilities  for  breeding  large 
numbers,  plants  and  flies  have  been  worked  out  ex¬ 
perimentally  on  a  much  larger  scale  than  in  the 
mammals.  One  of  the  first  of  these  to  be  used  after 
Mendel's  classic  peas  was  the  sweet  pea  cultivated  in 
gardens  and  a  native  of  Sicily.  It  may  be  of  interest 
to  review  rapidly  the  principal  genes  concerned  in  the 
development  of  this  popular  garden  annual.  The  chief 
features  of  the  wild  sweet  pea  are  organised  and 
determined  by  ten  pairs  of  interacting  genes,  all  of 
course  dominant  and  breeding  true  except  for  occa¬ 
sional  mutations.  We  will  first  put  down  the  genic 
formula  and  then  examine  the  effect  of  each  pair  ot 
genes.  The  genic  formula  may  be  written  down  as 
follows : 

{(TT+PP)  +KK+XX  +  [JVJV  +  (CC  +  RR) 

+  (BB  +  DD  +  LL )3}. 

The  genes  T  and  P  organise  the  habit  of  growth, 
K  the  structure  of  the  flower  keel,  X  the  shape  of  the 
pollen  grains,  and  JV,  C ,  R,  B ,  D  and  L  the  colours 
of  the  flowers.  TT  determines  tall  stems  several  feet 
high,  while  its  recessive  tt  produces  a  dwarf  a  few 
inches  high.  PP  gives  a  prostrate  habit  of  growth  as 
seen  in  the  wild  species,  and  in  the  tall  sweet  peas 
of  the  garden  the  stems  naturally  run  along  the 
ground  until  they  find  some  support  or  are  staked  up. 
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Thus  the  combination  of  genes  ttPP  gives  rise  to  the 
familiar  Cupid  sweet  pea,  a  dwarf  prostrate  variety. 
The  pp  mutation  organises  an  upright  habit  of  growth 
so  that  the  combination  of  genes  TTpp  produces  the 
rather  uncommon  Bush  sweet  pea  which  is  tall,  erect 
and  bushy.  The  double  recessive  genes  ttpp  give  the 
very  rare  dwarf  erect  Cupid  sweet  pea.  The  K  gene 
organises  the  keel  structure  of  the  flower  of  the  sweet 
pea.  In  its  dominant  state  KK  the  keel  is  tightly 
clamped  and  self-fertilising,  and  this  is  usually  asso¬ 
ciated  with  plain  unwaved  standard  and  wing  petals 
or  with  a  hooded-standard  mutation.  The  gene  muta¬ 
tion  kk  produces  a  more  or  less  open  keel  open  to 
cross-fertilisation  and  is  associated  with  a  waving  or 
frilling  of  the  standard  and  wings  known  originally 
as  the  ‘Spencer’  sweet  pea  and  now  the  exhibition 
standard  form.  This  mutation  occurred  in  Lord 
Spencer’s  garden  at  Althorp  Park  in  a  pink  variety 
known  as  ‘Countess  Spencer’.  At  that  time  Men- 
delian  experiments  with  sweet  peas  were  already 
under  way,  and  very  quickly  by  their  aid  this  new  and 
beautiful  gene  mutation  kk  was  added  to  all  the  best 
garden  varieties.  It  can  therefore  be  claimed  that  all 
the  exquisite  modern  garden  varieties  of  the  sweet 
pea  have  been  built  up  in  the  course  of  a  few  years 
by  the  application  of  Mendel’s  laws  of  heredity,  and 
what  is  perhaps  more  important  the  seed  stocks  of  the 
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large  growers  have  been  purified  in  the  course  of  a 
few  years  by  the  adoption  of  genetical  methods. 

The  colour  genes  of  the  sweet  pea  are  as  interesting 
as  those  of  the  rabbit  and  almost  as  complicated.  The 
genes  WW  organise  white  or  colourless  plastids  in 
the  cells  of  the  flower  petals,  giving  a  white  ground 
foundation  for  the  red  and  blue  sap  colours.  The  wild 
sweet  pea  is  purple  and  blue  on  a  white  ground  WW. 
The  mutation  ww  produces  yellow  plastids  in  the  cells, 
giving  a  cream  ground  colour.  In  the  absence  of  the 
five  sap  colours  produced  by  the  genes  C,  R,  B ,  D 
and  L,  the  result  with  zvw  is  a  cream-coloured 
variety.  The  genes  for  the  sap  colours  are  extra¬ 
ordinarily  interdependent.  C  and  R  are  only  active  in 
each  others'  presence  and  when  they  come  together 
produce  red  flowers;  if  either  is  absent  the  flower  is 
white  with  WW  or  cream  with  ww.  The  sap-colour  B 
is  only  active  when  both  C  and  R  are  present,  and  the 
three  genes  together  produce  purple  sap  colour.  The 
gene  D  is  only  active  in  the  presence  of  C  and  R  when 
it  produces  a  deepening  and  intensification  of  the 
colour.  The  gene  L  is  only  active  with  C,  R  and  D, 
when  it  gives  rise  to  bicolour  flowers  with  dark 
standards  and  light-coloured  wings  as  in  the  wild 
sweet  pea.  The  recessive  genes  cc  and  rr  in  any 
combination  produce  no  colour  at  all,  with  WW  they 
give  white  flowers  and  with  ww  cream  flowers.  The 
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genes  C  and  R  with  bb  in  any  combination  produce  red 
flowers  and  with  dd  the  flowers  are  white  tinged  or 
flushed  with  pink  and  with  B  added  they  are  purple 
picotees.  If  ll  is  present  with  C,  R  and  D  red  seifs 
are  produced,  with  B  purple  seifs  and  so  on.  The 
chocolate  purple  standard  and  purple  wings  of  the 
wild  sweet  pea  can  only  appear  in  the  presence  of  all 
five  dominant  genes  CRBDL  associated  with  the 
plastid  colour  gene  W,  This  all  appears  extremely 
complex,  but  actually  these  genes  all  follow  Mendel's 
laws  in  a  perfectly  simple  and  orderly  manner  and  the 
knowledge  of  this  has  given  rise  to  all  the  really 
exquisite  varieties  we  have  to-day. 

These  genetical  experiments  with  rabbits  and  sweet 
peas  were  of  fundamental  importance,  since  they  de¬ 
monstrated  that  characters  are  organised  and  con¬ 
trolled,  not  by  individual  pairs  of  genes,  but  by 
complexes  of  genes.  The  adult  individual  is  not  the 
result  of  the  independent  actions  of  separate  pairs  of 
genes  added  together  but  to  the  actions  and  reactions 
of  these  pairs  of  genes  one  with  another.  More  recent 
work  has  even  more  strongly  emphasised  the  im¬ 
portance  of  the  combined  effect  of  the  whole  gene 
complex  upon  the  development  of  even  a  single 
character.  The  final  result  is  a  perfect  balance  attained 
only  by  the  co-operation  of  all  the  genes  working 
together  and  also  by  their  reactions  with  the  internal 
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and  external  environments  of  the  individual.  Thus 
while  we  are  apt  to  regard  the  result  of  the  sum 
of  A  and  B  as  A  +  B,  yet  in  reality  A  +  B  =  X,  and 
progress  in  evolution  depends  largely  on  this  im¬ 
portant  fact. 

Recent  genetical  experiments  have  shown  another 
way  in  which  genes  may  co-operate.  These  are  known 
as  multiple  genes  or  modifiers,  and  they  have  a  cumu¬ 
lative  effect  so  that  each  one  in  its  dominant  condition 
reinforces  the  action  of  the  others.  They  were  first 
discovered  in  wheats  in  which  three  pairs  of  genes 
R,  S  and  T  which  produce  red  grain  have  an  equal 
cumulative  effect.  Thus  RrSsTt  gives  a  medium  shade 
of  red,  RRSSTT  the  darkest  shade  of  red,  Rrsstt , 
rrSstt  and  rrssTt  the  lightest  shade  of  red,  while 
rrsstt  is  white.  In  this  way  all  grades  of  shades  from 
white  to  deep  red  can  be  produced  by  different  com¬ 
binations  of  these  three  genes  and  their  recessives. 

In  the  Dutch  rabbits  which  have  a  pattern  varying 
in  size  and  shape  of  the  colour  patches,  it  was  found 
that  four  genes  were  concerned.  These  also  have  a 
cumulative  effect  in  increasing  or  decreasing  the 
colour  markings  but  differ  from  the  wheats  inasmuch 
as  the  effect  of  each  gene  is  apparently  not  always 
equal. 

Another  system  of  multiple  genes  or  modifiers  has 
also  been  worked  out  in  the  shape  of  the  grains  and 
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glumes  in  the  famous  Marquis  wheat.  More  recently 
the  same  formula  has  been  applied  to  the  inheritance 
of  musical  and  intellectual  ability  in  Man.  In  all  these 
cases  there  are  one  pair  of  major  genes  and  several 
pairs  of  minor  modifying  genes  acting  with  them. 
When  the  pair  of  major  genes  is  in  its  dominant  con¬ 
dition  the  minor  genes  remain  inactive,  but  should 
the  major  pair  of  genes  become  recessive  then  the 
minor  genes  come  into  action  and  show  the  same 
cumulative  effect  as  in  the  red  wheats.  In  this  case 
the  effect  of  these  minor  modifying  genes  also  seems 
to  be  more  or  less  equal,  and  they  are  particularly 
interesting  as  exhibiting  how  many  possibilities  and 
potentialities  may  lie  latent  and  unexpressed  until 
the  inhibiting  dominant  genes  mutate  when  a  whole 
crowd  of  recessive  characters  leap  into  expression. 
In  human  intellect,  for  instance,  the  disappearance  of 
the  dominant  major  gene  for  normal  intellect  may 
give  rise  either  to  a  genius  or  an  idiot. 

Various  genes  are  discovered  from  time  to  time 
which  are  known  as  ‘  lethals  These  have  presumably 
arisen  by  a  deleterious  mutation  of  some  gene,  which 
so  long  as  it  remains  in  the  company  of  a  dominant 
normal  gene  is  not  harmful,  but  directly  two  of  these 
lethal  recessive  genes  come  together  by  inbreeding, 
the  death  of  the  individual  is  the  result.  Sometimes 
lethal  genes  may  be  dominant  or  what  is  known  as 
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incompletely  dominant,  so  that  when  coupled  with 
the  recessive  in  cross-breds  the  individuals  can  still 
survive.  Such  is  the  case  of  the  yellow  coat  colour 
in  mice.  This  is  due  to  a  dominant  lethal  gene;  when 
there  is  only  one  dose  of  it  we  get  mice  with  yellow 
coats  and  a  tendency  to  overfatness.  When  these  are 
bred  from,  instead  of  getting  three  yellows  (one  pure 
yellow  and  two  cross-bred  yellows)  to  one  pure- 
breeding  recessive  brown  as  expected,  we  get  only 
two  impure  yellows  to  one  brown,  the  pure  yellow 
which  should  have  arisen  from  the  meeting  of  two 
yellow  germ  cells  being  incapable  of  development. 

If  these  lethal  genes  occur  in  the  sex  chromosome 
the  result  will  be  even  more  disastrous.  In  Drosophila , 
the  fruit  fly,  for  instance,  a  recessive  lethal  gene  in 
the  X  chromosome  will  cause  the  death  of  all  the 
males  of  certain  races  owing  to  there  being  no 
dominant  characters  in  the  T  chromosome  to  counter¬ 
act  its  action,  while  some  of  the  females  are  able  to 
survive  owing  to  covering  dominants  in  their  second 
X  chromosome.  The  greatest  danger  of  these  lethals 
is  that  in  a  recessive  state  they  may  lie  latent  for 
generations,  and  then  by  some  unsuspected  breeding 
bringing  them  together  they  suddenly  appear  or 
rather  the  progeny  suddenly  disappear. 

Such  is  a  slight  outline  of  some  of  the  more  salient 
facts  concerning  the  gene  complex,  sufficient  to  show 
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its  supreme  importance  in  the  production  of  healthy 
and  normal  individuals.  To  its  perfect  balance,  main¬ 
tained  by  the  precise  mechanism  of  the  chromosomes, 
is  due  all  the  complicated  life  of  our  higher  animals 
and  plants  to-day.  We  must  now  consider  how  these 
complexes  have  been  built  up  through  the  ages  and 
how  they,  have  increased  in  complexity. 


CHAPTER  V 


HOW  EVOLUTION  PROGRESSES 

Since  the  only  tangible  form  of  the  gene  complex 
is  represented  by  the  chromosome  complex,  the  study 
of  the  chromosomes  has  become  of  prime  importance, 
and  no  geneticist  will  now  undertake  the  study  of  any 
animal  or  plant  without  making  a  comprehensive 
study  of  its  chromosomes,  where  such  is  possible. 
This  has  proved  of  extraordinary  help  in  plant  and 
animal  breeding,  for  many  quite  unlooked-for  facts 
are  often  brought  to  light  and  years  of  labour  are 
frequently  saved  by  a  study  of  the  chromosomes. 

As  we  have  already  said,  every  individual  of  a  given 
species  usually  has  identically  the  same  number  of 
chromosomes  in  its  body  cells  and  one-half  that 
number  in  its  germ  cells.  The  individuals  of  different 
species,  however,  may  vary  in  their  chromosomes  in 
number,  size  or  shape,  and  different  genera  and 
families  usually  differ  very  much  in  their  chromosome 
complexes — the  wider  the  relationship,  the  greater 
the  differences  in  the  chromosomes  as  a  rule.  Con¬ 
versely  very  interesting  relationships  may  be  recog¬ 
nised  by  a  marked  similarity  in  the  chromosomes.  In 


58 


HOW  EVOLUTION  PROGRESSES 


birds,  for  instance,  there  are  several  very  large  chro¬ 
mosomes  together  with  a  number  of  very  small  ones, 
the  smaller  ones  usually  being  arranged  in  the  centre 
and  the  larger  ones  around.  Examination  of  the 
chromosomes  of  several  reptiles  shows  an  extremely 
similar  chromosome  complex,  a  most  interesting  fact 
in  view  of  the  accepted  theory  that  birds  were  evolved 
direct  from  reptile  ancestors. 

The  comparison  of  chromosome  complexes  is  a 
most  absorbing  study,  for  it  is  possible  to  draw 
many  conclusions  from  it  as  to  the  probable  line  of 
evolution  which  has  been  followed.  The  discrepancy 
in  the  complexes  also  gives  the  answer  to  the  question 
as  to  why  even  apparently  nearly  related  species  will 
not  normally  hybridise  but  remain  true  to  their  species. 
If  in  two  species  crossed  together,  one  has  six  chromo¬ 
somes  in  its  germ  cells  and  the  other  five,  the  resulting 
individuals  will  have  eleven  chromosomes,  five  pairs 
and  one  odd  one.  This  upsets  development  from  the 
beginning,  for  the  odd  chromosome  is  without  a  mate 
and  usually  gets  left  behind  at  division  time  and  yet 
its  complex  is  incomplete  without  it.  Hence  few  or 
no  fertile  germ  cells  are  formed  and  no  progeny  will 
arise  even  supposing  the  hybrid  can  achieve  growth 
thus  far.  In  cases  where  the  species  are  more  unlike, 
the  differences  in  their  gene  complexes  will  sufficiently 
upset  things,  apart  from  their  chromosome  differences. 
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In  these  chromosome  differences  between  species 
and  species,  genus  and  genus,  family  and  family,  can 
be  found  evidence  as  to  how  evolution  has  progressed, 
how  the  highly  complex  life  of  the  higher  organisms 
has  evolved  from  the  primitive  conditions  of  the  lower 
organisms.  As  we  have  seen,  the  most  primitive 
organisms  known,  the  bacteriophages  and  viruses, 
are  either  free  genes  or  some  primitive  condition  on 
the  borderland  of  life  and  matter.  As  we  ascend  the 
scale  these  genes  form  aggregations,  but  it  is  not 
until  a  much  higher  state  of  organisation  in  the 
higher  bacteria  is  reached  that  the  mechanism  of  the 
chromosomes  appears.  At  first  this  is  also  very  primi¬ 
tive,  a  sort  of  loose  gathering  together  of  the  genes, 
but  gradually  they  become  more  and  more  definite. 
From  these  primitive  forms  to  the  higher  animals  and 
plants  we  find  an  ever-increasing  complexity  of  chro¬ 
mosome  complex  and  a  corresponding  increase  of 
complexity  of  bodily  function  and  structure.  This  in¬ 
crease  of  complexity  is  particularly  evident  in  the 
fossil  remains  of  the  past  inhabitants  of  the  world. 
The  earliest  fossils  are  extremely  primitive,  minute 
algae  or  plant  forms  which  leave  only  a  slight  im¬ 
pression  on  the  rocks  where  they  have  lived.  Ob¬ 
viously  the  more  primitive  microscopic  creatures  could 
leave  no  trace  at  all,  and  as  a  rule  no  fossils  can  be 
preserved  unless  there  is  some  definite  solidity  in  a 
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body,  bones  in  animals  and  the  ligneous  parts  of 
plants.  As  the  long  ages  pass  by  there  is  a  gradual 
increase  in  complexity  in  all  respects  in  both  animals 
and  plants  right  up  to  the  present  day. 

Thus  from  the  primitive  types  up  to  the  most  com¬ 
plex  may  be  found  every  type  of  gene  and  chromo¬ 
some  complex.  T]ie  number  of  chromosomes  may  vary 
from  one  pair  to  one  hundred  pairs  or  more,  and  they 
may  vary  in  size  from  some  so  small  as  to  be  almost 
invisible  to  the  most  powerful  microscopes  to  others 
which  are  so  large  that  they  can  be  seen  with  a  com¬ 
paratively  low  power.  Genetical  experiments,  al¬ 
though  primarily  intended  to  solve  genetical  pro¬ 
blems,  have  also  clearly  elucidated  the  means  by 
which  this  progressive  evolution  has  come  about. 

That  gene  mutations  themselves  are  of  the  greatest 
importance  is  obvious.  If  the  genes  of  the  original 
plants  and  animals  had  remained  unchanged  no  pro¬ 
gress  could  have  occurred  at  all,  and  living  matter 
would  have  progressed  no  further  than  a  state  of 
primeval  slime.  Fortunately,  however,  the  genes  have 
changed,  and  by  many  new  combinations  and  recom¬ 
binations  have  changed  the  whole  aspect  of  living 
organisms.  Although  so  many^  of  these  gene  muta¬ 
tions  are  harmful,  owing  to  their  upsetting  the  balance 
of  the  gene  complex,  there  are  occasional  changes 
which  are  not  harmful  and  more  rarely  still  changes 
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which  are  positively  valuable.  Those  changes  which 
are  neither  harmful  nor  useful  can  persist  for  long  ages, 
and  then  when  a  change  of  climate  or  other  conditions 
has  gradually  arisen,  as  we  know  has  occurred  often 
upon  the  face  of  the  earth,  these  mutations  may  prove 
to  be  better  adapted  to  the  new  conditions,  and  so  the 
individuals  carrying  the  new  gene  will  tend  to  in¬ 
crease  and  those  with  the  old  gene  to  decrease.  It  has 
been  estimated  that  if  every  species  produced  one 
favourable  mutation  on  the  average  every  fifty  years 
it  would  be  sufficient  to  provide  the  material  for 
evolution.  Judging  by  the  mutations  which  occur  in 
genetical  material  this  would  probably  be  a  low 
estimate,  and  the  spasmodic  occurrence  of  gene 
changes  going  on  in  all  organisms  through  vast  ages 
of  time  have  no  doubt  given  rise  by  their  gradual 
accumulation  to  the  many  diverse  characters  which 
differentiate  one  family  from  another. 

The  changes  in  the  single  genes  themselves,  how¬ 
ever,  are  not  sufficient  to  provide  the  continual  pro¬ 
gress  in  complexity;  it  isvalso  necessary  to  have 
transmutations,  Le_  changes  in  the  chromosomes 
whereby  groups  of  genes  are  changed.  The  most 
simple  of  the  changes  is  the  transference  of  a  piece 
of  chromosome  from  one  to  another  chromosome 
(Fig.  7).  When  the  chromosomes  become  very 
elongated  they  twist  round  one  another,  and  if  the 
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tension  is  very  great  a  piece  may  become  detached 
and  attach  itself  again  on  to  another  chromosome. 
This  does  not  appear  to  be  any  great  change,  merely 
the  transference  of  a  group  of  genes  from  one  place 
to  another  in  the  complex.  But  at  the  formation  of 
the  germ  cells  the  depleted  chromosome  will  often 
pass  into  one  germ  cell  while  its  detached  bit  goes 
into  the  other,  so  that  this  particular  cell  will  contain 
two  sections  with  the  same  genes  (that  in  the  second 


Fig.  7.  Showing  the  alteration  in  the  chromosome  complex  caused 
by  a  piece  breaking  off  one  chromosome  and  joining  on  to  another 
chromosome. 


chromosome  of  the  pair  and  the  detached  piece).  By 
inbreeding,  this  extra  piece  may  become  normally 
established,  germ  cells  containing  it  coming  together 
and  so  preserving  it  in  a  normal  paired  condition. 
Such  individuals  will  have  this  section  represented 
four  times,  twice  in  its  original  chromosome  pair  and 
twice  on  the  pair  with  the  added  piece.  This  causes 
an  accentuation  or  enlargement  of  all  the  characters 
controlled  by  the  genes  in  this  duplicated  section,  and 
the  chromosome  complex  is  also  different,  having  one 
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pair  of  chromosomes  longer  than  those  of  the  normal 
species.  If  these  new  individuals  are  isolated,  a  new 
variety  or  species  may  arise,  and  it  has  been  proved 
experimentally  that  several  genera  of  plants,  e.g.  the 
Hawksbeards  and  the  Tarweeds,  have  formed  many 
of  their  species  in  this  way.  Often  this  transference 
ofmalerial  is  lethal,  but  like  the  gene  mutations  there 
are  occasions  when  it  is  either  harmless  or  useful  and 
so  survives. 

As  a  factor  in  evolution  this  duplication  of  groups 
of  genes  is  of  considerable  importance,  since  it  has 
added  greatly  to  the  complexity  of  the  gene  and 
chromosome  complexes.  At  one  step  the  genic  con¬ 
trols  for  several  characters  become  duplicated,  and 
there  are  now  four  genes  controlling  the  characters 
concerned  instead  of  only  two.  A  succession  of  these 
sectional  duplications  accompanied  by  gene  mutations 
has  apparently  given  rise  to  those  multiple  series  of 
genes  which  have  been  found  to  control  many  cha¬ 
racters,  and  the  scattering  of  these  similar  genes 
throughout  the  chromosome  complex  causes  the  gene 
complex  to  become  an  interacting  and  delicately 
balanced  whole.  Chromosomes  of  different  lengths 
arise  and  occasionally  new  numbers  (if  the  piece  fails 
to  join  another  chromosome  but  remains  detached), 
and  each  alteration  brings  about  a  change  of  ap¬ 
pearance,  both  in  the  individual  and  in  its  chromo- 
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some  complex.  Thus  these  changes  give  birth  to  new 
varieties  and  ultimately  to  new  species. 

Another  somewhat  similar  transmutation  is  the 
duplication  of  a  whole  chromosome.  It  happens  fairly 
frequently  in  some  species  that  during  the  formation 
of  the  germ  cells  the  chromosomes  of  one  of  the  pairs 
will  fail  to  separate,  so  that  instead  of  being  included 
in  two  different  cells  they  will  both  go  to  the  same 
cell  (Fig.  8  C).  If  the  germ  cell  containing  the  extra 
chromosome  should  fertilise  or  be  fertilised,  the  new 
individual  arising  therefrom  will  have  one  extra  chro¬ 
mosome  in  all  its  body  cells.  This  condition  is  very 
common  in  the  experimental  cultures  of  some  plants 
and  it  has  proved  an  ideal  method  for  tracking  down 
the  genes  in  any  particular  chromosome,  for  since  this 
chromosome  is  now  present  three  times  (the  normal 
pair  plus  the  extra  one)  all  the  characters  affected  by 
its  genes  will  be  much  accentuated. 

In  the  cultures  it  has  been  found  almost  impossible 
to  fix  this  type,  for  in  order  to  fix  it  it  is  necessary 
to  raise  individuals  with  two  extra  chromosomes  to 
form  a  normal  working  pair.  Theoretically  this  ap¬ 
pears  simple  enough ;  all  one  has  to  do  is  to  inbreed 
from  the  extra-chromosomed  individual  and  then 
pollen  grains  with  the  extra  chromosome  will  meet 
egg  cells  with  the  extra  chromosome  and  the  desired 
result  is  attained.  Actually,  however,  this  extra  chro- 
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mosome,  not  having  a  mate,  gets  left  behind  and 
excluded  in  the  divisions  for  the  germ  cells,  for 
Nature  always  tends  to  eliminate  abnormalities.  Con¬ 
sequently ;_few_or^_none  of  the  germ  cells  contain  the 
extra  chromosome.  That  such  fertilisations  do  occur 
occasionally,  giving  rise  to  the  extra  chromosome 
pair,  is  evident,  however,  for  in  Nature  many  nearly 
related  species  and  genera  differ  by  one  or  more  pairs 
of  chromosomes  and  some  of  these  have  been  definitely 
proved  to  be  duplications  of  other  chromosomes  of 
the  set.  The  apples  and  pears,  for  instance,  are  nearly 
related  to  the  roses  and  have  three  more  pairs  of 
chromosomes. 

An  additional  chromosome  or  chromosomes  can 
arise  also  by  the  breaking  up  of  larger  ones,  and  this 
has  been  found  to  occur  frequently  (Fig.  8  A).  In  this 
case,  however,  there  is  no  change  in  the  gene  complex 
exceptm  the  formation  of  smaller  linkage  groups,  but 
only  in  the  chromosome  complex.  Conversely,  in 
some  cases  one  or  more  smaller  chromosomes  have 
joined  together  to  make  one  large  one  (Fig.  8  B). 

The  duplication  of  an  entire  chromosome  is  of  far 
greater  importance  than  the  duplication  of  a  section. 
As  the  extra  chromosome  pair  begins  to  differ  by  the 
occurrence  of  mutations  and  translocations  of  sections 
within  it,  it  gives  rise  to  a  sterility  barrier  between 
the  new  species  and  the  old  one  from  which  it  arose, 
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for  the  different  number  of  chromosomes  causes  diffi¬ 
culties  of  pairing  in  any  cross,  and  since  it  has  now 
become  a  definite  part  of  the  new  interacting  gene 


Fig.  8.  Three  different  ways  in  which  the  number  of  chromosomes 
can  be  changed.  A,  one  of  the  chromosomes  breaks  into  two,  making 
one  more.  B,  two  chromosomes  join  together,  making  one  less. 
C,  one  of  the  chromosomes  goes  the  wrong  way  when  a  germ  cell  is 
being  formed,  thus  causing  an  extra  chromosome  in  the  individual 
arising  from  it. 

complex  it  cannot  be  left  out.  The  added  complexity 
to  the  gene  complex  is,  of  course,  very  great,  for  if 
it  is  a  fairly  large  chromosome  a  considerable  number 
of  genes  will  be  duplicated  and  cause  further  compli¬ 
cated  reactions. 
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An  even  more  important  origin  of  complexity  is 
the  duplication  of  the  entire  chromosome  complex. 
This  is  a  very  frequent  occurrence  in  plants  but  not 
so  common  in  animals,  except  in  very  low  forms 
where  there  is  more  chance  of  inbreeding.  There  are 
two  types  of  this  duplication  (Fig.  9).  In  the  first  the 
entire  complex  of  a  normal  individual  becomes  dupli¬ 
cated  by  the  suspension  of  a  cell  division  which  leaves 
the  double  number  of  chromosomes  in  one  cell  in¬ 
stead  of  two  (Fig.  9(l))  or  by  the  failure  of  the 
germ  cells  to  reduce  their  number  by  half  (Fig.  9  (2)). 
In  either  case  inbred  progeny  arising  from  such  an 
individual  have  twice  the  number  of  chromosomes  in 
their  body  cells  found  in  normal  individuals.  This,  of 
course,  causes  little  deviation  in  the  characters:  since 
all  the  chromosomes  are  duplicated,  all  the  characters 
are  similarly  affected  and  the  genic  balance  remains 
more  or  less  as  before.  The  great  change  it  effects, 
however,  is  a  great  increase  in  the  size  of  all  parts, 
and  this  has  been  of  supreme  importance  in  agricul¬ 
ture  and  bortigulture,  for  most  of  our  best  forms  of 
flowers,  vegetables  and  fruits  have  arisen  by  this 
form  of  duplication. 

From  an  evolutionary  point  of  view  it  gives  rise 
to  an  entirely  new  chromosome  complex  with  an 
extremely  complex  genic  reaction.  Since  the  number 
of  chromosomes  is  twice  as  numerous  as  in  the 
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Fig.  9.  Two  ways  in  which  plants  with  twice  the  usual  number  of 
chromosomes  may  arise.  (1)  As  at  the  top,  in  the  body  cells,  by  the 
cell  not  dividing  after  the  chromosomes  have  split.  (2)  As  below,  where 
pollen  and  egg  cells  are  formed  with  the  full  number  of  chromosomes 
caused  by  the  chromosomes  splitting  instead  of  pairing.  These, 
coming  together,  form  a  new  plant  with  twice  the  number  of  chromo¬ 
somes. 
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original  species  they  are  not  usually  fertile  when 
crossed  with  it,  and  this  forms  a  sterility  barrier 
which  does  much  to  establish  the  new  species.  Not 
only  may  they  duplicate  once  but  this  may  be  repeated 
so  that  each  chromosome  is  then  present  eight  times, 
which  is  indeed  a  complex  arrangement.  Not  only 
does  the  duplication  of  the  genic  controls  cause  a 
greatly  enhanced  complication  of  the  reactions  and 
increase  the  interactions  of  the  genes,  since  so  many 
like  genes  are  distributed  about  the  chromosome  com¬ 
plex,  but  the  addition  of  so  many  more  chromosomes 
and  genes  gives  additional  chances  of  mutation  and 
transmutation,  since  with  twice  the  number  of  genes 
there  must  be  twice  the  opportunity  to  mutate.  Inci¬ 
dentally,  when  mutations  do  arise  they  can  probably 
be  maintained  without  injury  to  the  individual,  since 
the  normal  gene  is  still  left  to  do  its  work  in  another 
chromosome  pair.  In  this  way  am-accumulatipri,  of 
mutations  may  lie  dormant  in  these  polyploids  (as 
spegies  witE~Tuplicated  sets  of  chromosomes  are 
cabled)  until  some  great  change  in  climate  or  con¬ 
ditions  may  make~~these  useful  or  even  a  necessity. 
Thus  polyploids  may  have  a  survival  value  not  possible 
to  other  species,  carrying  in  thein-gene  complex  the 
potentiality  to  react  to  varied  environments. 

The  second  method  of  duplication  is  perhaps  the 
most  important  of  all  the  evolutionary  changes,  and 
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it  has  formed  a  large  and  important  part  in  the  forma¬ 
tion  of  species  in  many  large  and  well-known  plant 
genera,  as  experiments  show.  This  type  of  duplication 
arises  from  the  hybridisation  of  two  unlike  species. 
Normally  this  gives  rise  to  a  sterile  hybrid,  but  occa¬ 
sionally  a  duplication  of  the  chromosomes  occurs  as 
in  a  normal  plant,  a  branch  arises  with  twice  the 
number  of  chromosomes  due  to  a  suspended  cell 
division  or  germ  cells  arise  with  the  whole  number 
of  chromosomes  instead  of  the  usual  half.  In  the  first 
case  the  duplicated  branch  will  bear  fertile  germ  cells, 
since  by  the  duplication  all  the  chromosomes  are  now 
normally  paired  and  a  new  species  will  arise  bearing 
the  characteristics  of  two  different  species  but  dif¬ 
ferently  expressed.  The  second  case  will  of  course 
produce  the  same  result.  This  kind  of  transmutation 
is  a  most  important  chromosome  and  gene  change, 
for  not  only  does  the  new  species  contain  the  characters 
and  genic  reactions  of  the  two  parent  species  but  the 
combination  of  these  gives  a  very  different  reaction 
from  those  of  either  of  the  old  species.  Obviously, 
too,  the  new  species  contains  side  by  side  a  wide 
range  of  reactions  which  makes  it  extremely  adapt¬ 
able  to  varying  conditions.  For  instance,  should  one 
of  the  old  species  thrive  in  a  dry  place  and  the 
other  in  a  wet  one,  the  new  species  will  have  the 
ability  to  withstand  either  drought  or  heavy  rainfall. 
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Thus  we  find  the  polyploids  formed  in  this  way  are 
very  generalised  and  can  live  in  places  with  ex¬ 
tremely  variable  conditions.  In  roses  we  find  those 
species  with  the  fewest  chromosomes  (7  pairs)  living 
under  very  specialised  conditions — in  tropical  forests 
or  in  a  desert  or  in  swamps,  etc. — but  the  species 
with  high  chromosome  numbers,  which  frequently 
occur  in  this  genus  and  which  have  arisen  by 
the  hybridisation  of  those  with  lower  numbers  and 
the  subsequent  duplication  of  the  chromosomes,  are 
able  to  live  under  the  variable  conditions  of  the 
Canadian  prairies  and  high  mountainous  regions.  The 
highest  rose  polyploids,  formed  by  the  combination 
of  four  species  and  having  28  pairs  of  chromosomes 
(14  +  14  +  14+14),  are  found  to  exist  beyond  the 
Arctic  Circle  and  on  high  mountains,  where  there  are 
the  greatest  extremes  of  winter  cold  and  summer 
heat. 

Experimental  hybridisations  on  a  large  scale  have 
demonstrated  this  form  of  transmutation,  and  some 
extremely  interesting  results  have  been  achieved. 
One  of  the  earliest  was  a  generic  hybrid  between  a 
radish  and  a  cabbage.  This  has  opened  up  vast  possi¬ 
bilities  in  crop  breeding,  since  two  (or  more)  useful 
species  may  be  brought  together  and  their  useful¬ 
ness  enhanced  by  the  combination.  Polyploid  generic 
hybrids  between  wheat  and  rye  have  already  been 
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successfully  achieved  and  many  others  are  under  way. 
The  Russian  geneticists  are  attempting  to  raise  new 
species  of  animals  in  this  way. 

In  addition  to  the  formation  of  new  species  by 
hybridisation  and  the  subsequent  duplication  of  the 
chromosomes,  there  have  been  found  other  methods 
of  new  species  formation  by  hybridisation.  In  Viola, 
for  instance,  a  species  with  17  pairs  of  chromosomes 
has  arisen  from  another  species  with  13  pairs  of 
chromosomes.  In  hybrids  between  these  two  one  can 
get  all  sorts  of  intermediate  chromosome  numbers, 
and  in  some  cases  even  higher  numbers,  since  the 
single  chromosomes  divide  into  two  at  times  and  thus 
form  higher  and  higher  numbers  in  later  generations. 
In  other  cases  where  plants  arise  with  three  sets  of 
chromosomes  from  a  hybridisation  between  an  indi¬ 
vidual  with  one  set  and  another  with  two  sets  in  their 
germ  cells,  the  unpaired  set  in  the  new  individual  will 
split  and  form  two  complete  sets,  one  to  each  germ 
cell,  so  that  a  balanced  chromosome  number  occurs 
again  in  the  progeny  which  will  have  four  complete 
sets.  Many  such  alterations  and  increases  in  com¬ 
plexity  no  doubt  arise  from  occasional  natural  hy¬ 
bridisations. 

This  experimental  creation  of  new  species  and 
genera  by  Man  is  a  fresh  triumph  of  intellect  over 
matter  and  opens  up  a  new  field  in  the  experimental 
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evolution  of  species  under  human  control.  The  dis¬ 
covery  of  the  many  changes  which  take  place  in  the 
nature  and  arrangement  of  the  genes  and  consequently 
in  the  characters  of  plants  and  animals  has  shown 
clearly  how  evolution  works.  Each  positive  change 
in  the  gene  complex  makes  it  a  little  more  complex, 
and  the  evolution  of  life  from  the  lowest  to  the  highest 
levels  has  depended  on  the  gradual  accumulation  of 
these  changes  which  have  given  rise  to  more  and 
more  complicated  chromosome  complexes  and  con¬ 
sequently  higher  manifestations  of  life. 

It  is  of  course  true  that  many  of  the  changes, 
especially  of  the  genes  and  the  translocations  of  por¬ 
tions  of  chromosomes,  are  lethal;  but  since  these 
changes  are  going  on  continuously  from  age  to  age, 
it  is  evident  that  by  the  laws  of  chance  there  must 
occur  some  which  are  useful  and  an  advantage  to  the 
individual  and  which  will  consequently  pass  through 
the  sieve  of  natural  selection.  These  successful  changes, 
maintained  for  ages  by  natural  selection,  are  amply 
sufficient  to  give  rise  to  all  the  new  and  progressive 
forms  of  life.  Thus  all  progress  in  evolution  may  be 
said  to  depend  in  the  first  instance  on  the  living  genes 
and  chromosomes  which  constitute  the  mysterious 
mechanism  of  life. 


CHAPTER  VI 


THE  NATURE  AND  VALUE  OF  SEX 

Side  by  side  with  the  gradual  evolution  of  the  higher 
and  more  complex  plants  and  animals,  from  the  lower 
and  more  simple  forms  of  life,  has  proceeded  the 
evolution  of  sex.  At  first  so  extremely  rudimentary 
that  it  can  hardly  be  recognised  as  such,  sex  has  been 
gradually  increasing  in  perfection  until  in  the  higher 
organisms  a  state  of  complete  and  distinct  differentia¬ 
tion  between  the  sexes  is  found.  From  an  evolutionary 
point  of  view  it  is  impossible  to  overestimate  the 
importance  of  this  occurrence  of  sex,  for  it  is  only 
by  it  that  segregation  of  characters  can  be  achieved 
and  all  the  multitudinous  combinations  and  recom¬ 
binations  of  old  and  new  characters  built  up. 

An  examination  of  the  various  types  of  animals  and 
plants  shows  the  existence  of  every  degree  between 
sexuality  and  non-sexuality.  The  most  elementary  and 
rudimentary  precellular  and  unicellular  forms  of  life 
are  non-sexual.  They  reproduce  themselves  by  simple 
division,  forming  two  new  individuals  out  of  one  in 
the  same  way  that  the  body  cells  of  the  higher 
organisms  divide  and  increase.  Many  cases  are  now 
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known  of  reproduction  in  the  higher  plants  and  in¬ 
sects  on  similar  lines  without  sexual  fusion.  Some 
of  the  lower  forms  go  on  dividing  in  the  ordinary 
way  for  many  generations  and  then  suddenly  a  fusion 
will  take  place  between  two  of  them  and  a  new  start 
is  made  with  a  rejuvenated  stock.  This  is  perhaps  the 
most  rudimentary  form  of  sex.  In  other  cases,  as  in 
the  Fungi,  it  is  impossible  to  determine  any  outward 
distinctions,  but  there  exist  definitely  two  or  more 
constitutional  strains  which  behave  just  as  if  they 
were  male  and  female  or  another  sex.  If  we  call  one 
strain  A  and  another  strain  B,  we  find  that  any 
individual  of  the  A  strain  will  fuse  with  any  of  the 
individuals  of  the  B  strain,  but  the  A  individuals  will 
not  fuse  together  nor  will  the  B  individuals  fuse 
together.  This  is  probably  the  most  primitive  type 
of  sexual  differentiation,  too  primitive  to  give  any 
external  signs  but  with  differing  internal  reactions 
which  necessitate  fusion  with  members  of  another 
strain.  In  the  lower  forms  the  question  of  differentia¬ 
tion  between  the  sexes  is  extremely  complex.  In 
some  cases  it  is  associated  with  the  variations  of  the 
seasons,  temperatures  and  physiological  conditions. 
Even  the  higher  forms  of  life  may  show  variations 
brought  about  by  accident  or  artificial  interference. 
In  certain  lower  forms  of  animal  life  we  find  herma¬ 
phrodites  in  which  the  same  individual  functions  both 
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as  a  male  and  a  female.  Most  of  the  higher  plants 
belong  to  this  category,  bearing  both  egg  cells  and 
pollen  cells  on  the  same  individual  plant.  In  the 
oyster  each  individual  apparently  functions  as  a  male 
and  a  female  alternately  at  different  periods  of  its  life. 

As  already  stated,  male  and  female  individuals  are 
often  not  only  different  in  their  external  characteristics 
but  also  in  their  chromosome  complexes.  This  is  not 
only  true  of  animals  but  also  of  those  dioecious  plants 
which  bear  male  and  female  flowers  on  different 
plants.  In  all  mammals  (animals  which  provide  milk 
for  their  young),  some  insects  and  some  dioecious 
plants,  the  female  has  two  large  X  chromosomes 
while  the  male  has  one  large  X  chromosome  and  a 
small  T  chromosome,  or  in  some  cases,  particularly 
in  insects,  either  no  T  at  all  or  with  a  T  so  small  that 
it  cannot  be  distinguished  under  our  present  micro¬ 
scopes.  In  poultry  and  most  other  birds,  however,  it 
is  the  females  which  carry  unlike  XT  chromosomes, 
while  the  male  has  a  like  pair  XX.  Some  of  the 
butterflies  and  moths  also  belong  to  this  type  of  sex 
chromosomes.  This  mechanism  of  the  sex  chromo¬ 
somes  provides  on  the  average  an  equal  distribution 
of  the  sexes.  Thus  in  the  case  of  the  mammals  the 
females  have  two  X  chromosomes  in  every  body  cell 
and  one  X  chromosome  in  every  egg  cell,  and  in  this 
respect  the  egg  cells  are  all  alike.  The  males  of  mam- 
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mals,  on  the  other  hand,  have  an  X  and  a  T  chromo¬ 
some  in  every  body  cell  and  consequently  produce  two 
kinds  of  sperms,  one-half  of  which  carry  an  X  chromo¬ 
some  and  one-half  carry  a  T  chromosome.  At  fer¬ 
tilisation  the  male  sperms  carrying  the  X  chromosome 
meet  and  fuse  with  the  female  eggs  carrying  X 
chromosomes,  and  the  resulting  offspring  will  all  be 
females  since  they  will  be  carrying  two  X-  chromo¬ 
somes.  On  the  other  hand,  the  male  germ  cells 
carrying  T  will  meet  the  female  cells,  all  of  which 
carry  X,  and  the  progeny  from  these  will  all  be  male 
since  they  bear  XT  chromosomes.  Thus,  since  the 
males  produce  X  and  T  bearing  germ  cells  in  equal 
numbers,  there  should  be  on  the  average  one-half 
male  and  one-half  female  offspring.  Actually,  how¬ 
ever,  accidents  occur  at  times  which  upset  this 
equality,  such  as  the  occurrence  of  lethal  genes  in  the 
X  chromosome.  In  some  cases  such  as  in  the  fruit 
fly,  Drosophila ,  the  T  chromosome  is  larger  than  the 
X  chromosome,  while  in  others  the  sex  chromosomes 
are  complex  and  formed  by  the  joining  together  of 
several  smaller  chromosomes.  In  Man  himself  the 
chromosome  complex  is  of  the  usual  mammalian  type 
with  a  large  X  and  a  small  T  in  the  male  and  two 
large  X  chromosomes  in  the  female.  Altogether  there 
are  24  pairs  of  chromosomes  in  Man. 

The  inheritance  of  genes  carried  by  the  sex  chromo- 
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somes  is  extremely  curious  in  many  cases,  and,  until 
the  discovery  of  the  cause,  gave  rise  to  much  per¬ 
plexity.  In  the  fruit  fly  {Drosophila) ,  for  instance,  it 
was  found  that  if  a  female  with  white  eyes  was  mated 
with  a  male  with  red  eyes,  instead  of  the  progeny 
having  all  dominant  red  eyes  as  would  be  expected, 
the  sons  were  all  white-eyed  while  the  daughters  were 
all  red-eyed.  In  other  words,  these  characters  had 
crossed  over  to  the  opposite  sex.  Now  it  was  found 
by  breeding  that  the  T  chromosome  in  this  fly, 
although  paired  with  the  X,  does  not  contain  the 
segregating  genes  found  in  the  X  chromosome.  There¬ 
fore,  since  the  red  and  the  white  eye  colour  is  carried 
by  the  X  chromosome,  there  is  no  corresponding  gene 
for  it  in  the  T  chromosome.  Thus  when  a  white-eyed 
female  is  crossed  with  a  red-eyed  male  the  female 
produces  germ  cells  all  bearing  the  white  gene  in 
their  X  chromosomes,  while  in  the  male  only  the 
X-bearing  germ  cells  carry  the  red  gene,  the  T- 
bearing  germ  cells  having  no  corresponding  character. 
When  the  X  germ  cells  from  the  female  meet  the 
T  chromosome  from  the  male  there  is  no  dominant 
red  gene  present  to  mask  the  white,  and  all  the  sons 
{XT)  will  have  the  white  eyes  of  the  mother.  But 
when  the  red-bearing  X  germ  cells  from  the  male 
join  the  white-bearing  X  from  the  female,  the  red 
will  dominate  the  white  and  all  red-eyed  daughters 
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are  the  result.  On  mating  these,  however,  equal 
numbers  of  red-  and  white-eyed  males  and  females 
arise. 

If  we  reverse  the  cross  and  mate  a  red-eyed  female 
with  a  white-eyed  male,  all  the  progeny  will  have  red 
eyes,  since  they  each  carry  a  red-bearing  X  chromo¬ 
some  from  the  female.  When  these  are  crossed,  how¬ 
ever,  an  ordinary  ratio  of  3  red-eyed  to  1  white-eyed 
individual  results,  but  all  the  white-eyed  ones  are 
males,  there  are  no  white-eyed  females. 

There  are  naturally  many  of  these  sex-linked 
characters,  and  before  the  discovery  of  the  sex  chro¬ 
mosomes  these  results  were  very  puzzling.  Perhaps 
the  best  known  cases  are  the  phenomena  of  colour 
blindness  and  haemophilia  (bleeding)  in  Man.  Both 
these  occur  chiefly  in  men,  and  although  they  are 
inherited  through  women,  they  rarely  appear  in  that 
sex. 

In  certain  kinds  of  fish  which  have  been  worked 
with  it  was  found  that  the  T  chromosome  is  not 
without  varietal  genes,  but  that  it  carries  the  genes 
for  the  characteristic  brightly  coloured  spots  of  the 
male,  the  female  being  without  them.  Thus  since  the 
T chromosome  can  only  occur  in  the  males,  the  females 
cannot  inherit  these  or  even  carry  them  except  by 
some  accident  of  translocation  of  a  section  of  the  T 
chromosome.  It  is  highly  probable  that  the  dis- 
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tinguishing  colours  and  patterns  of  male  birds  and 
animals  arise  in  this  way. 

It  was  at  first  thought  that  the  physiological  dis¬ 
tinctions  between  the  sexes  were  due  to  the  differ¬ 
entiation  of  the  sex  chromosomes,  but  experiments 
with  Drosophila  have  shown  that  it  is  due  rather  to 
the  balance  of  the  entire  gene  complex.  For  instance, 
in  the  cultures  flies  have  arisen  bearing  each  chromo¬ 
some  in  triplicate  instead  of  only  paired.  Now  if  these 
have  three  X  chromosomes  they  are  normally  female, 
since  three  X  chromosomes  together  with  three  of 
each  of  the  other  chromosomes  gives  the  same  balance 
as  in  the  normal  female  with  two  X  chromosomes  and 
pairs  of  the  other  chromosomes.  But  if  there  are  only 
two  X  chromosomes  present  in  the  triploid  (as  indi¬ 
viduals  with  three  sets  of  chromosomes  are  termed) 
against  three  each  of  the  other  chromosomes,  the  fly 
is  an  intersex  (half  male  and  half  female);  while  if 
there  is  only  one  X  chromosome,  the  fly  is  a  super¬ 
male.  At  times  flies  arise  which  have  gained  an 
extra  X  by  the  two  chromosomes  of  an  X  pair  going 
to  the  same  cell.  This  condition  of  three  X  chromo¬ 
somes  to  two  of  the  other  kinds  gives  a  super-female 
which  rarely  survives,  has  abnormal  ovaries  and  is 
sterile.  Similar  experiments  have  been  made  with  the 
sorrel  plant  in  which  some  triploid  plants  were  found 
to  be  intersexes.  Thus  it  is  evident  that  the  differ- 
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entiation  of  sex  is  not  due  so  much  to  the  sex  chromo¬ 
somes  themselves  as  to  the  reaction  they  produce  in 
conjunction  with  the  other  chromosomes. 

Although  sex  differentiation  depends  normally  upon 
the  balance  of  the  gene  complex,  and  an  individual 
with  two  X  chromosomes  is  a  female  while  an  XT 
individual  is  a  male,  yet  occasionally  accidents  occur 
which  upset  this  balance  and  reverse  the  sex  of  the 
individual  entirely  or  in  part.  From  time  to  time 
strange  cases  occur  of  insects  and  more  rarely  birds 
in  which  one-half  of  the  creature  is  male,  the  other 
half  female.  This  is  particularly  striking  in  those 
birds,  butterflies  and  moths  in  which  the  two  sexes 
have  different  colourings.  Thus  in  some  butterflies 
one-half  the  body  will  show  the  brilliant  red,  gold 
or  blue  colours  of  the  male,  while  the  other  half  is  the 
dull  brown,  grey  or  white  of  the  female.  Not  only  are 
the  external  characters  changed  but  also  the  internal 
physiological  ones.  This  curious  phenomenon  is  caused 
by  a  mishap  in  the  first  division  of  a  fertilised  egg  bear¬ 
ing  two  X  chromosomes,  and  potentially  female,  in 
which  one  X  gets  left  behind  and  lost,  so  that  while  one 
of  the  cells  contains  two  X  chromosomes  and  is  female 
the  other  has  only  one  X  and  is  male.  Thus  the  respec¬ 
tive  sides  of  the  body  arising  from  these  original  cells 
will  be  female  and  male.  This  is  perhaps  one  of  the  most 
potent  proofs  of  the  influence  of  the  sex  chromosomes. 
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When  the  parts  of  the  body  become  differentiated 
in  normal  individuals,  certain  organs  are  laid  down 
by  the  genes  which  produce  characteristic  secretions 
which  have  a  profound  influence  on  the  whole  growth 
of  the  body.  Such  is  the  thyroid  gland,  the  secretions 
of  which  regulate  normal  growth  and  development ; 
and  from  the  sex  organs  are  secreted  substances 
known  as  hormones  which  control  the  growth  of 
male  or  female  characteristics,  according  to  the  sex 
of  the  individual.  Normally  all  proceeds  in  a  regular 
and  orderly  manner,  but  by  accident  or  disease  the 
balance  of  development  may  be  upset  and  the  reaction 
altered.  Particularly  in  fowls  one  hears  of  'crowing 
hens  *  which  in  their  old  age  have  assumed  the 
feathering,  spurs,  wattles,  voice  and  behaviour  of  a 
cock  bird.  One  Buff  Orpington  hen,  a  good  layer 
and  mother  of  chickens,  at  the  age  of  3|  years  became 
to  all  appearances  a  cock  even  so  far  as  to  become 
the  father  of  chickens.  A  post-mortem  proved  that  in 
this  case  the  ovary  had  been  practically  destroyed  by 
tuberculosis,  thus  causing,  by  the  cessation  of  its 
functions  and  the  consequent  disturbance  of  the  regular 
metabolism,  the  growth  of  male  tissue,  so  that  the  bird 
became  a  functional  male  although  it  carried  originally 
the  female  gene  complex.  This  is  a  very  remarkable 
example  of  the  strength  of  the  secretions  arising  from 
a  specialised  part,  and  it  shows  that  it  does  not  take 
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a  very  great  genic  change  to  produce  a  profound 
difference  in  the  metabolism  of  the  individual.  A  con¬ 
siderable  number  of  experiments  have  been  carried  out 
replacing  the  ovaries  of  hens  by  the  testes  of  cocks 
and  vice  versa ,  and  these  all  showed  the  same  results, 
that  once  these  organs  are  differentiated  they  go  on 
producing  the  secretions  and  these  take  charge  of  the 
general  metabolism. 

An  interesting  experiment  was  one  which  showed 
the  different  ways  in  which  characters  may  be  con¬ 
trolled.  In  some  breeds  of  the  domestic  fowl  the  hen 
has  tight  and  stiffly  barbed  feathers,  while  the  cock 
has  feathers  which  are  loose  and  unbarbed.  A  small 
piece  of  skin  was  taken  from  the  back  of  a  male  chick 
of  a  breed  with  a  barred  pattern  on  the  feathers  and 
grafted  on  to  the  back  of  a  female  chick  which  had 
plain  coloured  feathers.  As  the  chick  grew  up  the 
piece  of  skin  grew  with  it,  but  although  the  barred 
pattern  remained  the  feathers  grew  stiff  and  barbed 
like  the  normal  feathers  of  the  hen.  This  showed  that 
the  formation  of  the  feathers  is  controlled  by  the  in¬ 
ternal  secretions,  as  had  already  appeared  from  the 
experiments  in  which  the  feathers  had  changed  in  the 
cock-hen  reversals,  but  the  colour  characteristics  are 
controlled  locally.  Such  experiments  are  extremely 
valuable  in  showing  more  of  the  physiological  action 
of  the  genes.  Perhaps  there  is  nothing  which  has 
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helped  the  study  of  genetics  more  than  the  existence 
of  sex.  Without  it  there  would  be  no  segregation  of 
characters  and  no  breeding  experiments  would  be 
possible.  The  curious  behaviour  of  sex-linked  cha¬ 
racters  too  has  been  a  revelation  in  the  workings  of 
the  genes.  In  the  higher  forms  of  animals  we  have 
here  two  definitely  clear-cut  categories — the  male 
and  the  female — definitely  distinguishable  from  one 
another  in  structure  and  function  and  often  further 
distinguished  by  differences  in  hair  and  feather  cha¬ 
racters  and  colourings  and  in  psychology.  The  study  of 
these  differences  gives  most  valuable  insight  into  the 
actions  and  reactions  produced  by  the  gene  complex. 

From  a  practical  point  of  view  the  study  of  sex- 
linked  inheritance  has  proved  most  useful.  In  cases 
of  sex-linked  diseases  it  is  now  possible  to  say  which 
marriages  and  matings  are  safe  in  this  respect  and 
which  are  not.  In  poultry  a  new  breed,  the  Silver 
Cambar,  has  been  raised  at  Cambridge  in  which  the 
day-old  chicks  are  of  two  colours,  so  that  the  pullets 
can  be  differentiated  from  the  cockerels  immediately. 
Many  other  similar  instances  might  be  quoted. 

Before  leaving  the  question  of  sex  we  must  j  ust  glance 
at  those  cases  where  there  is  reproduction  without  sex 
in  which  the  offspring  are  produced  without  normal 
sexual  fusion.  Virgin  birth  is  a  rather  common  and 
frequent  feature  in  many  kinds  of  plants  and  animals. 
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A  large  number  of  the  lower  organisms  reproduce 
in  this  way,  and  quite  recently  it  has  been  found  to 
exist  rather  extensively  in  many  of  the  higher  plants. 
When  we  see  a  field  of  dandelions  in  bloom  we  are 
at  once  struck  by  the  glorious  display  of  colour  which 
they  produce,  and  if  we  observe  closely  and  stop  to 
think  we  shall  be  impressed  by  the  extraordinary 
alikeness  of  the  individual  plants  which  go  to  make 
up  the  spectacle.  A  close  examination  shows  that 
each  plant  is  precisely  identical  with  its  fellows  in  its 
rosette  of  leaves  and  its  golden  flowers.  On  the 
other  hand,  if  we  examine  a  field  of  daisies  closely 
we  find  that  nearly  every  plant  shows  slight  differences 
in  colour,  shape  and  size  of  leaves  and  flowers.  Some 
of  the  flowers  are  almost  pure  white,  while  others  are 
deeply  tipped  with  crimson  and  the  leaves  vary  much 
in  shape  and  in  the  different  shades  of  green.  Not 
so  the  dandelions,  which  are  to  all  intents  and  pur¬ 
poses  identical.  The  reason  is  that  they  are  not 
sexually  produced  but  arise  by  virgin  birth,  or 
apomixis  as  it  is  called,  that  is  without  sexual  mixing. 
Their  egg  cells  form  but  they  do  not  contain  one-half 
the  number  of  chromosomes  as  in  sexual  reproduction 
but  the  complete  body  number,  and  although  no  male 
nuclei  come  to  fertilise  them  they  produce  seeds  with 
the  full  number  of  chromosomes.  Thus  plants  are 
produced  which  are  absolutely  identical  with  the 
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mother  plant  because  her  entire  chromosome  and  gene 
complex  is  present  in  all  her  cells  just  as  in  cuttings 
or  layers  which  produce  plants  identical  with  the 
mother  plants  from  which  they  are  taken. 

An  even  more  remarkable  occurrence  is  that  which 
takes  place  in  the  wild  roses  or  dog  roses  of  our 
hedgerows.  These  are  ancient  polyploid  hybrids  of 
the  Pleistocene  Period  and  have  consequently  an  un¬ 
equal  number  of  chromosomes.  Most  of  them  have 
35  chromosomes  in  five  sets  of  7.  Of  these  chromo¬ 
somes  only  14  form  into  7  pairs,  the  remaining  21 
remaining  unpaired.  In  the  formation  of  the  pollen 
the  21  single  chromosomes  get  left  behind  and  the 
functional  pollen  grains  usually  contain  only  7  chro¬ 
mosomes.  In  the  formation  of  the  egg  cells  the 
reverse  happens,  the  7  paired  chromosomes  reduce 
in  the  ordinary  way  and  the  21  single  chromosomes 
join  one  of  the  7  to  form  an  egg  cell  with  28  chromo¬ 
somes.  Here  we  have  the  pollen  grains  with  7  chro¬ 
mosomes  and  the  egg  cells  with  28  chromosomes,  so 
that  if  they  join  together  they  form  new  individuals 
with  the  normal  number  of  35  chromosomes.  These 
roses,  however,  do  not  depend  upon  sexual  reproduc¬ 
tion,  since  side  by  side  with  the  sexual  egg  cells 
bearing  28  chromosomes  are  asexual  egg  cells  con¬ 
taining  the  full  35  chromosomes,  so  that  if  a  fertilisa¬ 
tion  does  not  take  place  (little  good  pollen  is  formed) 
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the  sexual  egg  cells  with  the  reduced  number  die  and 
the  asexual  egg  cells  with  the  full  number  of  chromo¬ 
somes  carry  on  and  produce  asexual  seeds  which 
produce  plants  identical  with  the  mother  parent.  In 
these  roses  asexual  reproduction  predominates  over 
sexual  reproduction  in  Nature  and  is  most  successful 
owing  to  male-  and  self-sterility. 

A  number  of  insects  reproduce  by  virgin  birth,  the 
best  known  perhaps  being  the  aphides  or  green  fly 
which  are  so  troublesome  in  our  gardens.  These  go 
on  for  many  generations  without  any  reduction  in  the 
chromosomes  of  their  germ  cells  and  without  sexual 
fusion.  In  the  autumn  they  become  sexual,  some 
males  are  produced,  the  females  produce  sexual  eggs 
with  only  half  the  number  of  chromosomes  and  a 
normal  sexual  generation  occurs. 

One  great  advantage  of  non-sexual  reproduction 
over  normal  sexual  reproduction  is  evident.  When  a 
mutation  once  occurs  in  their  body  or  germ  cells  it  is 
fixed  immediately,  the  whole  gene  complex  is  handed 
on  from  one  generation  to  another  and  it  runs  no  risk 
of  being  eliminated  or  masked  by  crossing  with  normal 
individuals.  On  the  other  hand,  in  non-sexual  repro¬ 
duction  there  is  no  possibility  for  the  combinations 
and  recombinations  of  new  and  old  characters  possible 
in  sexual  forms  and  which  adds  so  greatly  to  the  varia¬ 
tion  and  evolution  of  plants  and  animals. 
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In  bees,  ants  and  wasps  there  is  a  curious  mixture 
of  sexual  and  non-sexual  reproduction.  In  these  insects 
the  chromosomes  are  reduced  to  one-half  in  the  germ 
cells  in  the  normal  way,  but  the  eggs  can  develop 
either  with  or  without  fertilisation.  If  they  are  fer¬ 
tilised  they  produce  females  with  the  full  number  of 
chromosomes,  while  if  they  are  unfertilised  they  pro¬ 
duce  the  male  drones  which  carry  only  one-half  of 
the  number  of  chromosomes.  The  above  is  only  a  small 
part  of  the  long  and  complicated  story  of  the  nature 
and  value  of  sex  with  its  manifold  variations  and  per¬ 
mutations  and  its  immense  influence  in  the  evolution 
of  living  organisms. 
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EXPERIMENTAL  CREATION  OF 
NEW  SPECIES 

Darwin  believed  that  all  plants  and  animals  are  con¬ 
stantly  giving  rise  to  slight  variations,  most  of  them 
being  so  small  as  to  escape  detection  except  by  the 
experienced  eye.  He  concluded  that  some  of  these 
changes  were  favourable  to  their  possessors,  fitting 
them  better  for  a  changing  environment  and  were  thus 
preserved  for  reproduction,  whereas  those  individuals 
which  had  not  these  favourable  variations  died  and 
left  no  issue.  Darwin  did  not  consider  that  large  and 
sudden  changes  had  any  evolutionary  significance, 
since  most  of  those  he  observed  happened  to  be  mon¬ 
strosities  ill  adapted  for  a  natural  life.  We  now  have 
definite  experimental  proof  that  Darwin  was  right 
in  his  main  conclusions.  Animals  and  plants  under 
human  control  are  found  to  vary  both  slightly  and 
largely,  and  those  natural  variations  that  are  heredi¬ 
tary  have  been  traced  to  the  mutations  of  parental 
genes.  Experiments  with  X-rays  show  that  these 
natural  variations  can  be  induced  by  irradiation  and 
their  frequency  can  be  increased  at  will  up  to  about 
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150  times.  These  mutations  are  often  extremely  small 
and  difficult  to  detect  with  the  naked  eye.  For  instance 
in  the  garden  snapdragon  (. Antirrhinum. i)  gene  muta¬ 
tions  occur  which  affect  minute  shades  of  scarlet  colour 
in  the  flowers.  The  delicate  changes  of  colour  in  this 
case  are  hardly  perceptible  to  the  experienced  eye  in 
a  solitary  flower,  and  yet  when  grown  in  masses  of 
hundreds  of  plants  side  by  side  they  become  obvious 
to  an  ordinary  observer.  Experiments  demonstrate 
that  these  almost  imperceptible  variations  segregate 
and  breed  true  and  are  truly  hereditary. 

In  the  early  days  of  the  evolution  of  life  these 
minute  hereditary  variations  no  doubt  played  a  great 
part  in  the  evolution  of  primitive  forms  and  were  at 
that  time  of  primary  importance,  since  in  such  simple 
forms  there  was  little  room  for  large  mutations.  To¬ 
day  in  our  more  complex  and  higher  organisms  we 
have  experimental  evidence  that  new  species  and  even 
genera  can  arise  rapidly  without  going  through  long 
ages  in  accumulating  small  variations.  During  the  last 
decade  in  the  experimental  cultures  of  many  workers 
new  species  have  been  made  and  fixed,  and  in  several 
cases  existing  Linnean  species  have  been  recreated  by 
bringing  together  other  species  which  were  suspected 
of  having  taken  a  part  in  their  formation.  The  new 
genera  of  plants  which  have  been  formed  by  crossing 
the  radish  with  the  cabbage,  and  wheat  with  rye  have 
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already  been  mentioned.  More  than  a  score  of  new 
species  have  been  recently  created  by  geneticists  by 
the  hybridisation  of  distinct  species  followed  by  the 
duplication  of  the  chromosomes  of  the  sterile  hybrids 
which  has  made  them  fertile  species.  Since  after  dupli¬ 
cation  the  chromosomes  of  each  pair  carry  identical 
genes,  the  new  species  as  a  rule  show  no  segregation 
until  such  time  as  their  genes  have  been  changed  by 
mutation  or  transmutation.  Consequently  the  new 
species  are  true-breeding,  and  being  isolated  from 
both  the  parent  species  by  their  different  chromosome 
number  they  behave  in  all  respects  as  perfectly  good 
species.  A  new  species  of  tobacco  created  experi¬ 
mentally  in  this  way  from  two  other  species  has  main¬ 
tained  itself  true  through  five  generations.  The  tobacco 
species  which  produces  the  tobacco  of  commerce  is 
believed  to  have  arisen  in  this  way,  since  it  shows  a 
combination  of  the  characters  of  two  other  species  and 
contains  twice  the  number  of  chromosomes.  The 
beautiful  pink  chestnut  of  our  gardens  arose  in  the 
same  way  from  hybridisation  of  the  common  white 
horse  chestnut  from  the  highlands  of  Greece  and  the 
Caucasus  with  the  red  buckeye  of  North  America 
which  some  authors  place  in  a  separate  genus.  This 
new  species  is  specially  interesting,  since  the  Eurasian 
horse  chestnut  has  much  smaller  chromosomes  than 
the  American  species  and  comes  from  a  different  part 
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of  the  world.  The  new  species  has  the  20  pairs  of 
small  chromosomes  of  the  horse  chestnut  together 
with  the  20  pairs  of  large  chromosomes  of  the  buckeye 
lying  side  by  side  in  each  cell.  The  loganberry,  well 
known  in  gardens,  arose  as  a  new  species  from  the 
duplication  of  the  chromosomes  of  a  raspberry-black¬ 
berry  hybrid.  When  it  was  first  introduced  and  it  was 
found  to  breed  true  as  a  species  no  one  would  believe 
that  it  was  a  hybrid  as  claimed  by  the  raiser,  Judge 
Logan.  It  was  only  after  its  chromosomes  had  been 
examined  and  found  to  be  twice  the  number  of  a 
triploid  hybrid  between  a  raspberry  and  a  blackberry 
that  the  story  of  its  parentage  was  believed.  More 
recently  a  much  more  complicated  case  of  the  experi¬ 
mental  creation  of  a  new  species  has  been  reported. 
Two  distinct  species  of  hawksbeard  ( Crepis ),  one  with 
40  and  the  other  with  8  chromosomes,  were  hybridised. 
The  hybrid  had  24  chromosomes,  20  from  one  parent 
and  4  from  the  other.  When  the  germ  cells  were 
formed  the  20  chromosomes  paired  together,  since  the 
species  from  which  they  came  had  achieved  its  high 
number  by  reduplications.  The  4  chromosomes  from 
the  other  species  remained  unpaired.  Notwithstand¬ 
ing  this  it  was  found  possible  to  raise  several  genera¬ 
tions,  as  the  10  pairs  kept  the  complex  balanced.  After 
four  generations  a  constant  form  arose  in  which  2 
normal  pairs  had  segregated  out  from  the  original  4 
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chromosomes,  in  addition  to  the  10  pairs  of  the  other 
species.  This  gave  rise  to  a  pure-breeding  new  species 
with  12  pairs  of  chromosomes,  10  of  which  came  from 
one  parent  species  and  2  from  the  other,  and  showing 
the  corresponding  characters  of  both. 

In  several  cases  existing  Linnean  species  have  been 
experimentally  recreated.  Such  was  the  case  for  in¬ 
stance  with  the  common  hempnettle  ( Galeopsis )  which 
was  believed  to  have  been  derived  from  two  other 
species  with  lower  chromosome  numbers.  The  two 
suspected  species  were  hybridised  and  in  the  second 
generation  gave  rise  to  a  constant  species  which  was 
indistinguishable  from  the  common  hempnettle  both 
in  appearance  and  in  its  genes  and  chromosomes.  A 
similar  result  was  achieved  with  a  species  of  timothy 
grass  ( Phleum ),  where  an  old  existing  Linnean  species 
was  reproduced  by  the  hybridisation  of  two  other 
species. 

An  examination  of  the  chromosomes  of  species 
and  genera  often  gives  useful  information  concerning 
their  origin.  In  the  rose  family  the  most  frequent 
basic  number  of  chromosomes  is  7.  The  primitive 
rose  tribe  which  includes  the  true  roses  (Rosa)  have 
all  this  number  or  a  polyploid  multiple  of  it,  i.e.  7, 
14,  21  or  28  pairs  of  chromosomes.  Most  of  the 
garden  roses  have  14  pairs,  which  in  many  cases 
after  several  generations  of  hybridisation  have  become 
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extraordinarily  mixed  in  their  gene  complex.  In  a 
wild  state  most  of  these  would  die  out,  but  in  a  culti¬ 
vated  state  in  gardens  they  survive  by  artificial  clone 
propagation.  Blackberries  and  raspberries  belong  to 
another  primitive  tribe  of  the  same  subfamily  as  the 
true  roses,  and  these  also  have  their  chromosomes  in 
sets  of  7,  while  the  less  primitive  strawberries  and 
potentillas  belonging  to  the  same  tribe  and  subfamily 
have  the  same  basic  chromosome  number.  When, 
however,  we  come  to  the  more  specialised  plums  and 
cherries  which  belong  to  a  different  tribe  and  a  differ¬ 
ent  subfamily  of  the  rose  family,  we  find  that  the 
chromosome  number  has  changed  to  8  pairs  with 
polyploid  multiples  of  this  number.  Finally,  when  we 
reach  that  large  tribe  and  distinct  subfamily  of  the  rose 
family  which  bears  pome  fruits,  the  apples  and  pears, 
the  quince  and  the  medlar,  the  hawthorns,  cotoneaster 
and  pyracantha,  the  mountain  ash  or  rowan  tree  and 
the  white  beam  and  service  tree,  we  find  that  the 
whole  tribe  and  subfamily  are  remarkable  in  having 
the  peculiar  number  of  17  pairs  of  chromosomes  or 
with  polyploid  multiples  of  this  number.  At  first  sight 
this  seems  to  be  far  away  from  the  primitive  and 
original  7  of  the  family.  Intensive  work  with  the 
chromosomes  of  the  apples  has,  however,  shown  that 
this  curious  number  17  may  have  arisen  by  a  duplica¬ 
tion  of  the  original  number  7  followed  by  the  addition 
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of  3  more  pairs  of  chromosomes  (14  x2)  +  6  =34.  For 
when  the  germ  cells  are  formed,  instead  of  the  ex¬ 
pected  17  pairs,  one  finds  various  combinations  of  the 
different  pairs  of  chromosomes,  the  most  extreme 
cases  showing  only  7  groups  of  chromosomes,  namely 
3  groups  of  six  and  4  groups  of  four.  It  should  be 
noted  that  in  those  cases  where  the  chromosomes  of 
a  normal  diploid  individual  are  duplicated  the  chromo¬ 
somes  tend  to  lie  in  fours  instead  of  in  pairs  at  the 
formation  of  the  germ  cells.  Here  then  was  a  cyto- 
logical  indication  of  the  origin  of  this  large  group  of 
plants,  and  it  seems  likely  that  the  curious  pome¬ 
shaped  fruits  and  other  peculiarities  common  to  this 
subfamily  are  due  to  the  3  extra  pairs  of  chromosomes 
altering  the  gene  complex  and  the  genic  balance. 

In  the  thorn  apple  (Datura),  which  has  been  almost 
as  intensively  studied  as  the  fruit  fly,  there  is  a  trans¬ 
mutation  called  ‘  globe  *  which  produces  depressed  cap¬ 
sules  with  stout  spines  thereon.  In  the  experimental 
cultures  races  have  arisen  with  one,  two,  or  three 
extra  globe  chromosomes,  and  these  characters  in¬ 
crease  considerably  with  each  addition.  The  thorn 
apple  belongs  to  the  Solanum  family  which  normally 
has  a  two-celled  ovary.  Among  the  multitudinous 
mutations  that  have  arisen  in  the  Datura  experiments, 
perhaps  the  most  important  one  is  that  which  has 
given  a  three-celled  ovary  instead  of  the  two-celled 
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ovary  usual  in  the  Solanum  family.  This  family  muta¬ 
tion  from  a  two-celled  to  a  three-celled  ovary  creates 
a  link  with  the  Polemonium  family  which  belongs  to  a 
different  suborder.  These  experiments  demonstrate 
that  gene  mutations  and  transmutations  may  be  either 
so  minute  as  to  be  of  slight  taxonomic  value,  they 
may  be  small  or  varietal,  or  they  may  be  large  and 
specific,  generic,  tribal,  or  even  familial  and  subordinal 
as  in  the  case  above.  It  is  interesting  to  note  that 
when  a  high  group  character  like  the  two-celled  ovary 
mutates  it  behaves  like  an  ordinary  varietal  or  Men- 
delian  character.  This  fact,  which  has  since  been  con¬ 
firmed  in  generic  and  specific  characters  in  roses, 
shows  that  the  higher  taxonomic  characters  are  deter¬ 
mined  by  genes  as  well  as  the  lower  varietal  cha¬ 
racters. 

Perhaps  the  most  startling  genetical  experiments 
that  have  been  carried  out  are  those  in  which  the 
genes  have  been  X-rayed.  In  1927  Muller  announced 
that  by  subjecting  fruit  flies  to  X-rays  he  had 
been  able  to  induce  artificially  the  same  gene  muta¬ 
tions  and  chromosome  transmutations  that  had  arisen 
naturally  from  time  to  time  in  the  fruit  fly  cultures. 
This  is  indeed  a  great  step  forward,  for  instead  of 
waiting  for  mutations  to  happen  it  is  now  possible  to 
bring  them  about  artificially  at  will.  Not  only  was  it 
possible  to  cause  these  mutations  and  transmutations 
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but  it  was  found  that  their  natural  frequency  was  im- 
increased.  The  X-rayed  flies  showed  150 
times  more  mutations  than  the  untreated  controls. 
At  once  a  new  avenue  of  research  was  opened  up  and 
many  other  workers  started  X-ray  experiments  with 
various  animals  and  plants,  and  similar  results  were 
achieved.  It  was  found  that  two  main  types  of  altera¬ 
tion  in  the  gene  complex  followed  irradiation: 
(l)  changes  within  the  genes  themselves  which  may 
be  distinguished  as  mutations,  and  (2)  new  distribu¬ 
tions  of  chromosomes  or  parts  of  chromosomes  which 
produce  new  genic  balances  and  may  be  distinguished 
as  transmutations.  In  all  cases  in  the  fruit  fly  experi¬ 
ments  the  artificial  mutations  and  transmutations 
were  identical  with  those  which  occurred  naturally. 
In  all  the  plants  and  animals  treated  the  interesting 
fact  emerged  that  as  in  nature  each  genus  tends  to 
follow  a  definite  mode  of  chromosome  modification  so 
the  artificially  produced  changes  also  followed  the 
same  mode.  For  instance  in  the  hawksbeard  ( Crepis ) 
most  of  the  species  differ  from  one  another  in  their 
chromosome  complex,  chiefly  in  the  relative  lengths 
of  their  chromosomes,  and  it  is  evident  that  evolution 
in  this  genus  has  progressed  mainly  by  translocation 
of  pieces  of  chromosomes,  i.e.  transmutations.  In  the 
X-rayed  individuals  the  same  thing  happened,  nearly 
all  the  changes  were  due  to  the  translocations  of 
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pieces  of  chromosomes.  This  goes  to  confirm  the  con¬ 
clusion  that  each  genus  has  its  own  particular  type  of 
instability,  and  since  it  is  along  this  line  of  instability 
that  changes  occur  different  genera  have  different 
modes  or  types  of  evolution. 

In  the  original  experiments  with  Drosophila  the 
flies  were  X-rayed  at  various  periods  of  their  develop¬ 
ment  and  the  different  results  noted.  One  of  the  most 
interesting  of  these  experiments  was  the  treatment  of 
the  offspring  of  a  red-eyed  female  and  a  white  mutant 
male.  As  previously  explained,  all  these  should  have 
shown  only  red  eyes,  but  actually  a  proportion  of 
these  flies  showed  white  areas  or  patches  on  their  eyes. 
The  size  of  these  patches  varied  according  to  the  age 
at  which  they  had  been  X-rayed.  If  the  treatment  had 
taken  place  when  the  eggs  were  just  starting  to 
develop,  the  white  area  would  be  very  large,  but  the 
size  decreased  more  and  more  the  later  the  individuals 
were  treated,  and  if  it  was  deferred  until  the  pupal 
stage  no  white  appeared  at  all,  the  flies  on  emerging 
having  pure  red  eyes.  From  this  it  appears  that  the 
change  took  place  in  only  one  cell  of  the  rudimentary 
eyes,  otherwise  it  would  be  difficult  to  explain  the 
variation  in  size.  Thus  in  the  very  early  stage  when 
the  eye  consists  of  only  two  or  three  cells  the  altera¬ 
tion  in  one  cell  has  a  great  effect,  since  every  cell 
arising  from  the  mutated  cell  will  carry  the  same 
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change.  But  as  the  size  of  the  eye  increases,  and  the 
number  of  cells  it  contains  also  increases,  the  change 
in  one  cell  has  less  and  less  effect,  since  it  will  give 
rise  to  less  and  less  area,  until  in  the  pupal  stage,  when 
the  eye  is  already  fully  formed,  the  X-raying  has  no 
effect  at  all.  The  greatest  effect  of  the  X-rays  is 
achieved  when  adult  flies  are  treated,  male  and  female, 
before  fertilisation  takes  place.  In  this  case  it  is  the 
genes  in  the  germ  cells  which  are  affected,  and  any  mu¬ 
tation  occurring  then  appears  through  the  entire  body 
of  the  offspring  and  is  inherited  in  the  normal  way. 

The  most  common  effect  of  the  treatment,  however, 
was  the  dislocation  of  pieces  of  chromosome.  It  was 
found  genetically  that  various  groups  of  genes  had  be¬ 
come  dissociated  from  their  normal  companions  and  had 
joined  other  groups.  An  examination  of  the  chromo¬ 
somes  proved  this  to  be  the  case,  one  chromosome 
appearing  shorter  while  another  would  be  correspond¬ 
ingly  longer.  This  was,  incidentally,  a  further  proof  that 
the  genes  lie  in  linear  order  in  the  chromosomes.  As 
before  pointed  out,  this  particular  form  of  chromosome 
change  is  of  frequent  occurrence  in  Nature  and  has  been 
one  of  the  primary  agents  in  the  increase  of  complexity 
in  the  gene  complexes.  As  in  the  gene  mutations,  it  was 
found  that  these  translocations  occurred  with  very 
greatly  increased  frequency  under  the  influence  of  the 
rays. 
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An  attempt  was  made  to  cause  mutation  in  certain 
parasite  wasps.  These  creatures  show  little  or  no 
variation  in  cultures,  and  it  was  found  that  the  X-rays 
had  to  be  administered  in  such  strong  doses  to  produce 
any  effect  that  consequently  sterility  and  in  some  cases 
complete  infertility  was  the  result.  Only  one  definite 
mutation  was  produced,  but  it  was  a  most  interesting 
experiment  inasmuch  as  it  showed  experimentally 
what  has  long  been  evident,  that  in  certain  genera  the 
gene  complexes  are  much  more  stable  than  in  others. 
For  there  are  many  forms  of  life  which  have  gone  on 
and  on  through  the  ages  practically  unchanged  while 
the  other  forms  around  them  were  changing  com¬ 
paratively  quickly,  giving  rise  to  such  very  different 
forms  that  they  can  hardly  be  believed  to  have  arisen 
from  the  original  ones. 

In  plants  it  was  also  found  that  those  species  which 
show  the  greatest  variation  normally  were  the  ones  to 
be  most  affected  by  the  treatment.  Those  species  with 
high  chromosome  numbers  were  usually  more  affected 
than  those  with  lower  ones,  except  in  the  wheats,  where 
the  effects  were  masked  by  polyploidy.  It  was  found 
difficult  to  produce  any  effect  on  ripe  seeds,  presumably 
since  all  the  cells  are  in  a  state  of  rest,  for  it  has  been 
found  by  experiments  in  which  living  cells  were  X-rayed 
under  microscopical  control  that  those  cells  which  are 
just  about  to  divide  are  particularly  vulnerable. 


NATURE  OF  GENE 


101 


In  experiments  with  tobaccos  germ  cells  were 
produced  with  twice  the  number  of  chromosomes. 
Chromosome  fragmentation  also  occurred,  but  in  this 
case  the  pieces  did  not  join  on  to  other  chromosomes 
but  remained  free,  giving  rise  to  a  new  chromosome 
number.  During  these  experiments  three  stable  lines 
were  produced.  In  maize  eight  specific  characters 
mutated  which  had  hitherto  remained  completely 
constant  and  characteristic  of  the  species.  This  was 
particularly  interesting  as  showing  that  the  constant 
specific  characters  are  controlled  by  genes  exactly  as 
the  varietal  ones  are  with  the  only  difference  that  they 
are  relatively  much  more  stable  and  incapable  of 
change.  In  wheats  few  mutations  were  observed,  but 
since  these  have  several  complete  sets  of  chromo¬ 
somes  a  change  in  one  gene  or  even  in  one  chromo¬ 
some  is  liable  to  be  completely  masked  by  the  presence 
of  the  other  sets  of  chromosomes.  One  useful  varia¬ 
tion  was  procured  however,  which  ripened  four  days 
earlier  and  was  very  strong  growing.  Many  crop 
plants  are  being  treated  with  the  rays  now  with  the 
idea  of  getting  new  and  valuable  mutations  with  a 
much  increased  rapidity  of  ripening. 

The  above  experiments  go  far  to  demonstrate  that 
the  genes  are  organic  molecules  which  react  to  the 
X-rays  in  the  same  way  as  ordinary  inorganic  mole¬ 
cules  do,  and  it  is  interesting  evidence  that  they  can 
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be  so  affected.  Evidently  their  molecular  composition 
is  changed  by  the  irradiation,  a  chance  hit  of  the  rays 
in  a  vulnerable  part  and  the  mutation  or  transmutation 
is  made.  Recent  work  in  physics  has  shown  that  there 
are  various  rays  of  even  greater  penetration  known 
as  cosmic  rays  occurring  throughout  space,  and  it  is 
not  unlikely  that  these  may,  in  some  cases  at  all  events, 
bombard  the  genes  and  give  rise  to  various  forms  of 
genic  and  chromosomal  changes. 

Actually,  in  Nature,  it  is  possible  that  some  of  the 
mutations  are  due  to  other  natural  causes,  such  as 
slight  inequalities  of  division,  entanglements  of 
chromosomes,  and  so  on,  which  is  not  to  be  wondered 
at  when  one  contemplates  the  never  failing  pro¬ 
cession  of  millions  of  divisions.  The  great  miracle  is 
that  so  few  accidents  occur  or  at  least  show  any  effect. 
The  power  of  X-rays  to  reproduce  these  mutations  is, 
however,  of  peculiarly  wide  interest.  Not  only  does 
it  point  to  the  possibility  of  a  novel  evolutionary  agent 
in  the  form  of  cosmic  rays  but  it  also  places  in  Man's 
hands  the  mechanical  means  of  speeding  up  organic 
mutations  and  so  to  have  a  greater  control  over  the 
future  evolution  of  plants  and  animals  than  he  has  had 
in  the  past. 

It  is  estimated  that  during  the  next  decade  or  two 
it  will  be  possible  to  obtain,  by  irradiation  of  the  genes, 
more  mutations  in  plants  and  animals  than  have  ap- 
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peared  naturally  during  the  last  10,000  years  since 
plants  have  been  cultivated  and  animals  domesticated 
by  Man.  The  advances  of  the  science  of  genetics 
during  the  last  decade  have  placed  the  study  of  evolu¬ 
tion  on  a  firm  basis  and  have  made  it  an  exact  ex¬ 
perimental  science  comparable  with  chemistry  and 
physics.  It  is  now  possible  to  consider  evolution  in 
terms  of  measurable  units.  The  measurable  unit  is 
the  genetical  species  and  the  genetical  species  can  be 
determined  experimentally  by  an  analysis  of  its  gene 
and  chromosome  complex. 


CHAPTER  VIII 


THE  ASCENT  OF  MAN  AND  MIND 

We  have  seen  how  new  species  have  arisen  and  how 
creative  evolution  has  proceeded  in  the  past  by  the 
gradual  growth  of  complexity  in  organisms,  from 
the  first  genic  molecule  to  the  many-moleculed  amoeba 
and  from  the  one-celled  amoeba  to  many-celled  Man. 
Experiments  show  that  this  increase  of  complexity  in 
organisms  is  directly  due  to  an  increase  of  complexity 
in  their  gene  content.  This  increased  complexity  of 
gene  content  has  been  brought  about  by  the  mutations 
of  genes  and  the  transmutations  of  the  chromosomes 
which  carry  them.  X-ray  experiments  show  that  these 
mutations  and  transmutations  can  be  induced,  with  a 
much  higher  rate  of  frequency,  by  irradiation.  This 
suggests  that  natural  mutations  and  transmutations 
mayHbe  due  to  cosmic  and  other  short-waved  radia¬ 
tions  of  high  frequency  and  great  penetrating  power. 
The  natural  inference  is  that  these  penetrating  radia¬ 
tions,  by  direct  atomic  hits,  change  the  molecular 
structure  of  the  gene  and  by  so 
changes  in  their  reactions.  In  tl 
higher  organisms  these  mutations  and  transmutations 
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have  been  transported  and  distributed  in  new  com¬ 
binations  by  the  mechanism  of  sex,  and  the  results 
have  been  controlled,  regulated  and  finally  determined 
by  means  of  natural  selection.  In  this  way  new  species 
have  been  evolved  through  the  ages  from  mutant 
varieties  and  hybrids,  and  in  course  of  time  these 
species  have  become  genera,  families,  orders,  classes, 
phyla  and  kingdoms. 

Matter,  which  is  the  physical  basis  of  the  universe 
and  of  life,  is  a  primary  super-kingdom.  Recent  dis¬ 
coveries  in  physics  and  chemistry  show  that  matter 
is  more  highly  organised  in  structure  than  was 
formerly  suspected.  The  atom  which  was  long  re¬ 
garded  as  unorganised  and  indivisible  has  during  the 
present  century  been  split  up  into  electrons,  protons 
and  other  units  which  present  an  elaborate  organisa¬ 
tion.  Chemists  have  shown  that  there  are  ninety-two 
different  kinds  of  atoms  which  constitute  the  ele¬ 
mentary  substances  from  which  compound  substances 
are  built  up.  It  is  evident  from  these  findings  that 
matter  has  a  complex  organisation  and  must  now  be 
regarded  as  an  organic  structure  or  organism  as 
Whitehead  suggests. 

The  origin  of  matter  is,  however,  veiled  in  mystery. 
Astronomers  calculate  that  the  universe  is  certainly 
thousands  of  millions  of  years  old  and  may  be  more. 
At  present  it  seems  to  be  generally  agreed  that  the 
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material  universe  is  finite  and  not  infinite  in  space  and 
time.  If  the  material  universe  is  finite  in  time  the 
matter  of  which  it  is  composed  must  have  had  a  be¬ 
ginning.  In  the  strictest  sense  a  beginning  implies 
creation  and  creation  involves  a  Creator.  That  is  as 
far  as  modern  science  will  take  us.  The  rest  is  shrouded 
in  mystery  and  the  precise  origin  of  matter  at  present 
remains  obscure. 

Jeans  estimates  the  age  of  the  earth  as  a  planet  to 
be  in  round  numbers  two  thousand  million  years.  One 
of  the  most  remarkable  features  of  modern  science  is 
the  rapid  expansion  in  recent  years  of  the  scientific 
estimates  of  the  age  of  man,  life,  the  earth  and  the 
universe.  Nor  are  the  estimates  by  any  means  wild 
guesses,  since  all  are  definitely  based  on  the  experi¬ 
mental  data  of  radiation  and  on  converging  evidence 
presented  by  astronomy,  physics,  geology,  fossils  and 
archaeology.  The  experimental  demonstration  of  the 
gene  as  the  unit  and  basis  of  life  of  necessity  expands 
the  biological  estimate  of  the  age  of  life  on  the  earth. 

The  earliest  abundant  fossil  remains  of  living  organ¬ 
isms,  plants  and  animals  are  found  in  the  Cambrian 
rocks  of  the  Palaeozoic  Era  which  are  radiation  dated 
in  round  numbers  as  five  hundred  million  years  old. 
The  remains  found  there  consist  chiefly  of  such  re¬ 
latively  complex  plants  and  animals  as  algae,  worms 
and  trilobites.  In  the  older  rocks  of  the  Pre-Cambrian 
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Period  fossil  remains  become  rarer,  more  scattered 
and  not  so  well  preserved.  These  date  back  about  six 
hundred  million  years  when  they  cease  to  appear.  The 
earliest  fossils  must  have  had  a  considerable  evolu¬ 
tionary  history  behind  them,  and  in  addition  to  them 
there  must  have  been  hosts  of  more  primitive  and  less 
complex  forms  which  would  be  too  small,  soft  and 
fleeting  to  be  recorded  in  the  rocks.  Behind  these 
would  be  the  untold  millions  of  microscopic  and  ultra- 
microscopic  organisms  more  simple  still,  whose  pre¬ 
sence  in  the  rocks,  even  if  preserved,  would  remain 
undetected.  In  the  present  state  of  knowledge  there¬ 
fore  we  may  safely  estimate  that  the  age  of  life  on  the 
earth  can  hardly  be  less  than  a  thousand  million  years. 
On  this  basis  it  would  appear  that  matter  had  a  solitary 
reign  on  earth  of  nearly  a  thousand  million  years 
before  life  appeared  on  the  scene.  This  would  be 
approximately  half-way  between  the  origin  of  the 
earth,  as  a  planet  thrown  off  from  the  sun,  and  the 
present  time. 

The  beginnings  of  living  organisms  are  lost  in  the 
obscurity  of  the  past  and  in  the  ultra-microscopic 
nature  of  the  basis  of  life.  Since  all  the  known  forms 
of  life  are  found  to  contain  or  carry  genes  or  some¬ 
thing  of  the  nature  of  a  gene,  and  experiments  with 
higher  organisms  demonstrate  that  the  gene  is  the 
unit  and  basis  of  living  characters,  it  is  reasonable  to 
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infer  that  life  first  arose  in  the  form  of  a  primitive  gene 
or  protogene.  It  is  highly  probable  that  this  proto¬ 
gene  arose  from  those  half-alive  self-reproducing 
chemical  ferments  which  seem  to  follow  the  formation 
of  certain  configurations  of  carbon  and  other  atoms 
of  matter.  From  these  humble  beginnings  the  gene 
has  built  up  the  edifice  of  life,  leading  to  its  highest 
and  most  complex  form,  Man.  From  the  electrical 
actions  of  the  protons,  electrons  and  atoms  and  the 
auto-catalytic  reactions  of  genic  molecules  we  find  a 
regular  sequence  of  progress  and  the  evolution  of 
mind.  From  the  tropic  responses  of  the  precellular, 
one-celled  and  many-celled  organisms  to  the  reflex 
mind  of  vertebrate  animals,  mammals,  primates  and 
anthropoids  it  passes,  until  finally  conceptual  mind  or 
intellect  arose  in  certain  genera  of  Pliocene  ape-men, 
and  developed  considerably  later  in  our  own  genus 
Homo,  with  the  most  rapid  progress  in  our  own  species. 
Homo  sapiens,  during  the  last  ten  thousand  years.  This 
species,  known  as  Modern  Man,  so  far  as  our  present 
knowledge  goes,  is  about  seven  hundred  and  fifty 
thousand  years  old,  dating  from  the  oldest  deposits  of 
the  Pleistocene  Period. 

Long  before  this,  however,  right  through  the  Plio¬ 
cene  Period  are  found  flint  and  stone  implements  more 
or  less  rudely  fashioned  by  human  hands  and  known 
as  eoliths.  The  oldest  of  these,  the  Cantal  eoliths, 
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certainly  suggest  an  artistic  purposefulness  which  in¬ 
volved  considerable  manual  and  digital  dexterity  and 
indicates  the  possession  of  a  mind  which  had  reached 
the  stage  of  conceptual  consciousness.  So  far  as  we 
know,  no  other  animal,  mammal,  primate  or  anthro¬ 
poid  ape,  has  or  had  the  ability  to  conceive,  manu¬ 
facture  and  use  tools  and  weapons,  and  one  is  forced 
to  the  conclusion  that  these  eolithic  implements  repre¬ 
sent  one  of  the  earliest  expressions  of  intellect  in  man¬ 
kind.  Eolithic  man  was  probably  an  ape-man  belong¬ 
ing  to  a  genus  of  mankind  more  primitive  than  Homo 
and  more  advanced  than  the  anthropoid  apes.  The  age 
of  the  Cantal  eoliths  is  generally  accepted  as  early 
Pliocene  or  late  Miocene,  which  according  to  the  most 
recent  calculations  represents  an  age  of  about  ten 
million  years,  and  for  the  present  this  date  may  be 
accepted  as  a  round  figure  estimate  of  the  age  of  in¬ 
tellect  in  mankind.  This  was  the  period  in  creative 
evolution  when  Man  as  a  human  being  mutated  and 
segregated  from  the  prehuman  stock  of  anthropoids 
known  as  Dryopithecus,  a  large  and  variable  genus 
distributed  over  the  greater  part  of  the  Old  World 
during  this  period.  Most  modern  authorities  agree 
that  this  generalised  stock  of  anthropoids  gave  rise 
to  two  distinct  families,  mankind  on  the  one  hand  and 
anthropoid  apes  on  the  other,  each  of  which  diverged 
from  one  another  and  from  the  common  stock  during 


110 


THE  ASCENT  OF  MAN  AND  MIND 


the  last  ten  million  years  with  the  results  that  are 
seen  to-day.  On  the  one  hand,  the  generalised  Dryopi- 
thecus  progressively  developed  into  the  widely  dis¬ 
tributed  modern  species  of  Man  with  all  the  general¬ 
ised  potentialities  of  a  conceptual  mind.  On  the  other 
hand,  it  developed  in  quite  other  directions  into  the 
chimpanzee,  gorilla,  orang-outang  and  the  diminutive 
gibbon  of  the  anthropoid  apes  whose  specialised 
characters  and  reflex  mind  led  them  to  the  blind  alley 
and  dead  end  of  a  circumscribed  habitat.  The  ultimate 
survival  of  these  anthropoid  apes  will  depend  largely  on 
the  intelligence  of  the  superior  species,  Modern  Man. 

At  the  present  time,  owing  to  the  advent  of 
intellect  in  mankind,  our  main  interest  and  concern  lie 
in  the  psychological  evolution  of  mankind.  Physical 
evolution  in  Man  takes  a  secondary  place  and  is  rela¬ 
tively  insignificant.  The  super-kingdom  of  Mind 
expresses  the  highest  value  creative  evolution  has  yet 
attained,  and  it  is  only  reasonable  to  suppose  that 
future  progress  will  be  in  this  direction  rather  than 
in  any  other.  We  have  seen  that  conceptual  mind  in 
mankind  is  only  about  ten  million  years  old,  and  that 
since  it  first  appeared  in  the  form  of  human  industries 
of  tool  and  weapon  making  there  has  been  a  gradual 
development  through  the  ages.  Up  to  relatively  recent 
times  this  intellectual  development  was  exceedingly 
slow,  but  after  the  appearance  of  the  genus  Homo  and 
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the  new  species  known  as  Modern  Man  the  progress 
of  conceptual  mind  and  intellect  became  relatively 
rapid.  Human  industries  of  wood,  stone,  flint  and 
bone  became  more  complex  and  artistic,  and  the 
Capsian  art  of  mural  painting  and  modelling  in  clay 
was  soon  highly  developed.  Up  to  about  ten  thousand 
years  ago  Man  was  a  hunting  animal  like  his  pre¬ 
decessors  the  cave-men,  but  about  this  time  he  began 
to  settle  down  to  domestic  industries  and  agriculture, 
to  the  cultivation  of  food  plants  and  the  domestication 
of  animals.  Recent  discoveries  indicate  that  about 
eight  thousand  years  ago  the  era  of  modern  civilisation 
began  to  dawn,  probably  in  the  fertile  crescent  be¬ 
tween  north  Syria  and  the  upper  valley  of  the  Eu¬ 
phrates.  The  earliest  civilised  settlements  known  are 
those  of  antediluvian  Susa  in  Iraq,  the  Badarian  culture 
in  Egypt  on  the  banks  of  the  Nile,  and  the  Neolithic 
cultures  of  Crete  and  the  Aegean  Islands,  all  of  which 
are  estimated  to  be  about  seven  thousand  years  old. 
These  cultures  include  fine  pottery,  copper  tools  and 
ornaments,  finely  flaked  implements  of  Solutrean 
design,  ground  stone  axes,  ivory  figures,  woven  linen, 
cultivated  grain  and  the  domesticated  dog.  After  the 
'Flood’  in  Iraq  there  followed  the  civilisations  of 
Kish  and  Ur  about  six  thousand  years  ago,  side  by 
side  with  that  of  Anau  in  Turkestan.  About  five 
thousand  years  ago  the  first  dynasty  of  Egypt  and  the 


112 


THE  ASCENT  OF  MAN  AND  MIND 


early  Minoan  period  of  Crete  arose  side  by  side  with 
ancient  Babylon,  Assyria  and  the  Danubian  settlers  at 
Vinca.  These  ancient  civilisations  waxed  and  waned 
in  their  turn,  culminating  in  the  high  standard  of  in¬ 
tellect  reached  in  ancient  Greece  from  three  to  two 
thousand  years  ago,  from  the  time  of  Homer  and  the 
Ionian  philosophers  to  that  of  Plato  and  Aristotle,  and 
the  extension  of  Greek  culture  to  Alexandria,  the 
Orient,  India  and  the  Far  East.  Immediately  after 
came  the  advanced  practical  civilisation  of  the  Roman 
Empire,  which  in  a  few  centuries  declined  and  led  to 
the  dark  ages  of  the  west  and  the  lesser  Byzantine 
Empire  of  the  East. 

The  advent  of  three  great  religions  in  the  East  be¬ 
tween  the  seventh  century  b.c.  and  the  seventh  cen¬ 
tury  a.d.,  Buddhism  in  India,  Christianity  in  Palestine, 
and  Mohammedanism  in  Arabia,  profoundly  in¬ 
fluenced  the  known  world,  giving  rise  to  new  ethical 
standards  and  leading  to  the  ecclesiastical  culture  of 
the  Middle  Ages  with  its  distinctive  religious  litera¬ 
ture  and  art  and  its  restricted  philosophy  and  science. 

The  Arabian  conquests  in  the  east  in  the  seventh 
century  a.d.  led  to  the  establishment  of  Arabian 
science  and  philosophy  from  India  to  Spain  which  was 
maintained  until  the  end  of  the  eleventh  century.  In 
the  twelfth  century  Christian  universities  arose  in 
Europe  and  with  them  came  a  revival  of  Greek 
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thought  through  the  translations  of  Arabic  works  into 
Latin,  and  mediaeval  scholasticism  reached  its  highest 
level  in  the  thirteenth  century.  The  fifteenth  century 
brought  the  Italian  Renaissance  with  its  remarkable 
intellectual  and  artistic  developments,  comparable 
only  with  those  of  ancient  Greece  and  the  science  of 
our  own  day.  In  this  period  pictorial  art  in  the  work 
of  the  Old  Masters  reached  a  standard  that  has  not 
been  achieved  or  surpassed  before  or  since,  so  far  as 
our  knowledge  goes.  The  discovery  of  America  and 
the  developments  of  the  arts  of  printing  widened  the 
mental  outlook  and  loosened  the  shackles  of  mediaeval 
and  ecclesiastical  scholasticism.  Thought  once  more 
became  free  as  in  ancient  Greece  and  our  own  day, 
leading  to  wider  developments  of  philosophy  and 
science  and  a  return  to  Nature.  In  these  favourable 
circumstances  modern  experimental  science  began  to 
develop,  leading  up  through  three  centuries  to  the 
remarkable  scientific  achievements  of  the  nineteenth 
century  and  the  notable  mechanical  and  engineering 
triumphs  of  the  present  century.  This  development 
and  extension  of  conceptual  mind  in  the  nineteenth 
century  has  also  given  rise  in  the  present  century  to 
a  remarkable  renaissance  of  thought  based  on  experi¬ 
mental  science  and  mathematics.  A  new  philosophy 
of  physics  and  the  material  universe  has  been  born, 
and  side  by  side  with  this,  although  quite  independent 
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of  it,  new  concepts  of  life  and  evolution  have  emerged 
from  the  new  science  of  genetics.  The  development 
of  pure  mathematics  has  enabled  Einstein  to  pro¬ 
pound  original  and  revolutionary  views  of  the  rela¬ 
tivity  of  the  universe  surpassing  the  classic  conclusions 
of  Newton.  The  discovery  of  the  electron  by  Thomson 
and  the  proton  by  Rutherford  have  completely 
changed  our  conceptions  of  the  fundamental  basis  of 
matter  and  have  enabled  the  physicist  to  present  and 
establish  entirely  new  concepts  on  the  nature  and 
constitution  of  matter.  The  new  knowledge  has  en¬ 
abled  Eddington,  Jeans  and  others  to  propound  en¬ 
tirely  new  conceptions  of  the  nature  and  origin  of  the 
universe.  The  experimental  behaviour  of  the  electron 
has  led  to  the  new  Quantum  Theory  of  Planck  which 
has  provided  evidence  for  Heisenberg's  novel  prin¬ 
ciple  of  indeterminacy  in  nature  and  led  to  the  new 
mathematics  of  Dirac. 

During  the  present  century  the  fundamental  ad¬ 
vances  in  biology  based  on  Mendel's  experimental 
discovery  of  the  laws  of  heredity  have  led  to  the 
foundation  of  an  exact  science  of  genetics  comparable 
with  the  older  sciences  of  physics  and  chemistry.  This 
biological  advance,  especially  during  the  last  decade, 
promises  to  be  even  more  revolutionary  and  more 
significant  to  Man  than  the  recent  advances  in  physics. 
The  discovery  of  the  gene  as  the  unit  and  basis  of  life, 
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heredity,  mutation  and  species  is  naturally  of  vital 
and  immediate  importance  to  Man  and  human  society. 
In  the  sphere  of  mind  the  experimental  establishment 
of  Spearman's  two-factor  theory  of  cognition  and  in¬ 
tellect  has  also  revolutionised  the  concepts  of  psycho- 
logy,  and  this  in  its  turn  has  recently  led  to  the 
construction  of  a  genic  formula  for  intellect. 

That  such  fundamental  discoveries  concerning  the 
universe  of  matter,  life,  and  mind,  should  have  ap¬ 
peared  almost  simultaneously  early  in  the  twentieth 
century  is  a  remarkable  coincidence  amounting  almost 
to  a  miracle  of  thought.  There  are  some  no  doubt  who 
will  read  into  these  scientific  discoveries  the  manifesta¬ 
tion  of  an  intelligent  purpose  in  the  universe,  and  it 
would  be  difficult  to  disprove  such  a  thesis.  At  the 
moment,  however,  we  are  not  concerned  with  this 
interesting  philosophical  point. 

The  present  book  is  concerned  only  with  the  bio¬ 
logical  discoveries  of  the  present  century  and  their 
potential  value  to  Man.  It  may  be  useful  to  summarise 
these  biological  discoveries  in  the  order  of  their  ap¬ 
pearance.  Mendel's  discovery  of  hereditary  units  in 
peas  was  actually  made  about  the  middle  of  last 
century,  but  his  long-lost  paper  was  found  and  made 
known  to  science  only  in  1900,  when  de  Vries  had 
already  established  the  principle  of  mutation  in  the 
evening  primrose.  In  the  first  decade  of  the  century 
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Mendel’s  discovery  of  genes  in  peas  was  extended  by 
Bateson  and  other  workers  to  all  kinds  of  plants  and 
animals  including  Man,  and  Mendel’s  laws  of  heredity 
were  firmly  established.  In  the  second  decade  Morgan 
and  others  in  America  experimentally  located  the 
positions  of  the  genes  in  the  chromosomes  of  the  cells 
in  the  fruit  fly,  and  others  have  since  confirmed  this 
in  plants  and  other  animals,  including  Man.  In  the 
third  decade,  the  discovery  of  transmutations  of 
chromosomes  and  their  contained  genes  led  to  the 
experimental  creation  of  new  varieties,  species  and 
genera  of  plants.  Experiments  by  Muller  have  led 
to  the  creation  of  gene  mutations  and  chromosome 
transmutations  by  the  bombardment  of  the  cells  of 
the  fruit  fly  with  X-rays.  These  experiments  have 
been  confirmed  by  others  in  various  plants  and 
animals.  In  the  fourth  decade  the  translation  of  the 
Linnean  concept  of  species  into  terms  of  chromosomes 
and  genes  has  established  the  genetical  species  as  a 
measurable  unit  of  evolution  and  laid  the  foundations 
of  an  exact  science  of  classification  and  experimental 
evolution. 

The  new  knowledge  of  genetics  has  provided  the 
missing  link  in  Darwin’s  theory  of  natural  selection 
and  thus  serves  to  establish  it  firmly  as  a  prime  law 
of  nature  and  the  ultimate  arbiter  although  not  the 
primary  cause  of  evolution.  Darwin’s  postulate  of 
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the  existence  of  hereditary  variations  in  various  direc¬ 
tions  has  not  only  been  experimentally  demonstrated, 
but  one  of  the  prime  sources  of  origin  of  these  varia¬ 
tions  has  been  traced  experimentally  to  the  action  of 
short-wave  radiations. 

It  is  evident  that  the  results  of  these  scientific  dis¬ 
coveries  of  the  present  century  are  of  vital  importance 
to  Man.  In  the  next  chapter  it  is  proposed  to  discuss 
briefly  a  few  of  the  possible  and  potential  consequences 
of  these  discoveries  and  to  endeavour  to  get  a  glimpse 
into  the  future  of  mankind. 


CHAPTER  IX 


THE  FUTURE  OF  MAN  AND  MIND 

In  the  last  chapter  a  brief  account  was  given  of  the 
ascent  of  Man  and  Mind,  through  life  and  matter, 
during  a  period  of  time  estimated  in  round  numbers 
at  two  thousand  million  years  from  the  origin  of  the 
planet  earth  from  the  sun.  It  is  estimated  that  the 
dawn  of  life  appeared  about  the  middle  of  this  period, 
while  the  dawn  of  intellect  became  manifest  in  rela¬ 
tively  recent  times  about  ten  million  years  ago. 
Reckoned  in  astronomical  time  the  human  intellect  is 
exceedingly  young,  but  measured  in  human  genera¬ 
tions  it  is  of  considerable  antiquity.  From  eolithic 
mankind  of  the  Pliocene  period  to  Modern  Man  of 
the  twentieth  century  is  a  far  cry.  During  that  period 
the  human  intellect  has  become  more  complex  in 
its  achievements  and  may  therefore  be  said  to  have 
progressively  evolved.  Up  to  about  ten  thousand 
years  ago,  when  modern  civilisation  began  to  dawn, 
the  progress  of  intellect  was  apparently  exceedingly 
slow,  while  since  that  time  progress  has  been  rela¬ 
tively  rapid  although  considerably  intermittent.  Some 
authorities  consider  that  the  human  intellect  has  not 
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appreciably  progressed  since  the  early  civilisations, 
and  they  point  to  the  high  standard  of  intellect  at¬ 
tained  in  ancient  Greece  in  support  of  their  theory.  It 
is  true  that  at  the  time  of  Plato  and  Aristotle  a  high 
peak  of  intellect  was  reached  in  Man  which  was  not 
maintained  and  perhaps  was  not  reached  again  for 
many  centuries.  Measured  by  intellectual  achieve¬ 
ments  in  general,  however,  the  twentieth  century  of 
our  era  shows  definite  signs  of  a  higher  peak  of  in¬ 
tellect  than  Greece  ever  knew.  Naturally  its  form  of 
expression  is  different,  and  we  are  perhaps  too  close 
to  see  it  in  its  true  perspective  although  we  should  be 
able  to  estimate  it  more  accurately.  There  is,  indeed, 
good  reason  to  believe  that  in  course  of  time  the  in¬ 
fluence  of  such  intellects  as  Einstein  and  Mendel  will 
have  as  much  value  in  the  future  as  those  of  Plato  and 
Aristotle  have  had  in  the  past.  The  mere  fact  that  in 
this  century  the  highest  grades  of  intellect  are  more 
numerous  and  more  widespread  than  in  ancient  times 
definitely  increases  the  chance  of  intellectual  progress 
and  of  the  rise  of  superior  intellects  in  the  future.  In 
this  respect,  so  far  as  the  highest  grades  of  intellect 
are  concerned,  the  prospects  are  promising.  On  the 
other  hand,  population  statistics  show  that  the  less 
high  grades  of  intellect  are  rapidly  decreasing  owing 
partly  to  the  artificial  restriction  of  their  families  for 
economic  reasons  and  partly  to  their  natural  sterility. 
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At  the  same  time  the  dominant  and  fertile  mediocre 
grades  of  intellect  are  rapidly  increasing  by  geo¬ 
metrical  progression.  This  decline  in  number  of  the 
grades  of  intellect  immediately  above  mediocrity  is 
common  to  nearly  all  the  western  civilised  nations, 
as  shown  by  recent  census  returns,  and  if  it  is  not 
checked  it  will  be  bound  to  endanger  the  safety  of 
civilisation.  For  the  maintenance  of  modern  civilisa¬ 
tion  at  its  present  level  it  is  estimated  that  a  minimum 
of  10  per  cent,  of  the  population  should  be  above  the 
grade  of  mediocrity  in  intellect,  and  it  is  the  first  duty 
of  the  State  or  nation  to  ensure  that  this  minimum 
intelligence  index  is  maintained.  Unfortunately  the 
majority  of  our  leaders  and  rulers  are  still  obsessed 
by  the  mistaken  notions  of  the  nineteenth  century  that 
an  extension  of  education  and  culture  will  solve  this 
problem.  Twentieth-century  research  in  mental  testing 
shows  clearly  that  this  view  is  psychologically  and 
biologically  unsound.  Education  can  only  lead  out 
and  develop  natural  ability  when  it  is  present  in  the 
population.  In  the  absence  of  the  genes  which  deter¬ 
mine  and  organise  intellect,  education  is  powerless. 
On  the  other  hand,  the  more  genes  for  intellect  there 
are  present  in  the  individual  the  higher  the  grade  of 
intellect  and  the  more  responsive  to  education  is  that 
individual.  The  only  solution  available  is  therefore 
to  encourage  larger  famihes^among  the  more  in- 
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teiligent  parents  of  all  classes  and  conditions  of  life, 
who  are  known  to  be  carrying  a  large  number  of  genes  ) 
for  intellect  in  their  germ  cells.  In  another  place  I 
have  shown  how  this  can  be  achieved  in  a  practical 
way  by  a  system  of  family  bounties  based  on  a 
genetical  formula  which  in  1370  cases  gives  an  ac¬ 
curate  prediction  of  97*9  per  cent.  In  this  way  in  the 
course  of  time  Man  would  be  able  to  replace  the 
natural  selection  of  more  fertile  mediocrity  and  the 
artificial  sterility  of  high-grade  parents  by  human  \ 
selection  and  the  artificial  fertility  of  high-grade 
parents.  At  first  the  rate  of  improvement  would  be 
slow  owing  to  the  small  proportion  of  high-grade 
parents  in  a  population,  but  after  the  first  generation 
the  frequency  of  high-grade  parents  would  increase  in 
geometrical  progression  and  the  time  might  soon 
come  when  it  would  be  necessary  to  limit  the  family 
bounties  for  the  general  good  of  the  population.  The 
chief  point  is  that  Man  would  no  longer  be  at  the 
mercy  of  natural  selection  which  favours  a  fertile 
mediocrity,  nor  would  he  be  subject  to  the  capricious 
economic  sterilities  of  high-grade  parents.  On  the 
contrary,  he  would  be  able  to  control  and  guide  the 
qualities  of  his  populations  in  the  way  he  desires  for 
the  common  good. 

For  a  thousand  million  years  natural  selection  as 
one  of  the  processes  of  creative  evolution  has  domi- 
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nated  life,  and  for  ten  million  years  it  has  dominated 
the  human  mind,  obsessing  Man  with  the  idea  of  an 
overruling  fate .  Scientific  research  is  bringing  freedom 
to  Man,  for  the  future  trend  of  creative  evolution,  in¬ 
cluding  man’s  own  destiny,  depends  entirely  on  his 
response  to  the  new  knowledge  and  on  his  intelligent 
application  of  genetical  discoveries,  in  the  near  and 
distant  future.  Whether  Man  will  take  advantage 
of  his  new  powers,  so  far  as  his  own  species  is  con¬ 
cerned,  depends  largely  on  the  progress  of  his  in¬ 
tellect  and  that  of  his  leaders  and  rulers.  Once  he 
determines  to  take  a  hand  in  his  own  destiny,  in¬ 
tellectual  progress  will  be  rapid  and  more  rapid  with 
each  generation.  On  the  other  hand,  if  he  refuses 
to  act  on  the  new  knowledge,  intellectual  progress  will 
be  slow  and  intermittent  as  in  the  past,  since  natural 
selection  favours  a  dominant  mediocrity.  The  im¬ 
mediate  future  progress  of  Man  and  Mind  therefore 
depends  largely  on  Man’s  response  to  the  new  know¬ 
ledge.  Either  he  will  decide  to  take  advantage  of 
recent  scientific  discoveries  and  take  a  hand  in  speed¬ 
ing  up  the  evolution  of  mankind,  or  he  will  do  nothing 
and  leave  all  to  chance  and  to  the  indeterminate  con¬ 
trol  of  natural  selection.  At  present  the  indications 
are  that  Man  will  make  the  most  of  the  new  know¬ 
ledge,  so  far  as  his  immediate  wants  with  plants  and 
animals  are  concerned,  but  that  he  will  not  take  the 
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trouble  to  look  ahead  and  apply  the  same  knowledge 
to  the  permanent  improvement  of  his  own  race  and 
species.  No  doubt  a  considerable  time  must  elapse 
before  intelligent  men  and  women  can  become 
acquainted  with  the  recent  advances  in  genetics  which 
at  present  are  for  the  most  part  only  known  to 
technical  geneticists.  In  any  case  it  cannot  be  ex¬ 
pected  that  more  than  a  small  fraction  of  the  new 
knowledge  will  filter  through  and  attract  the  atten¬ 
tion  of  the  man  in  the  street.  Perhaps  the  most  serious 
obstacle  in  the  way  of  any  permanent  intellectual  im¬ 
provement  in  the  human  races  is  the  democratic 
nature  of  the  governments  which  make  the  laws  and 
rule  the  affairs  of  the  more  civilised  states  and 
nations..  In  the  absence  of  human  control  natural 
selection  determines  that  the  greatest  number  in  a 
population  will  be  of  mediocre  intellect,  not  so  much 
on  account  of  their  fitness  for  survival  but  more  by 
reason  of  their  Mendelian  dominance  and  super- 
fertility.  In  these  circumstances  democratic  govern¬ 
ment  necessarilynnplies  the  rule  of  mediocrity,  and  a 
dominant  mediocrity  does  not,  as  a  rule,  interest  itself^ 
in  the  improvement  of  the  race  by  taking  steps  to 
increase  the  numbers  of  superior  people.  The  only 
hope  for  the  success  of  race  improvement  in  a  demo¬ 
cratic  country  is  to  convince  the  leaders  of  thought 
and  action  in  that  country,  who  are,  or  should  be, 
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themselves  superior,  of  the  national  advantages  of 
such  a  policy.  There  can  be  no  doubt  whatever  that 
!  the  first  nation  which  adopts  sound  scientific  measures 
for  race  improvement  will  in  the  course  of  a  few 
j  generations  inherit  the  earth.  Recent  events  in  Italy 
and  Germany,  where  democracy  has  been  replaced 
by  dictatorship,  show  the  practical  possibilities  of 
State  action  for  race  improvement.  In  these  countries, 
unfortunately,  the  main  idea  seems  to  be  a  general 
increase  of  the  physically  sound  elements  of  the  popu¬ 
lation  regardless  of  their  intelligence.  This  policy  is 
praiseworthy  so  far  as  it  goes,  but  it  can  lead  only  to 
an  increase  of  mediocrity  of  intellect  and  thus  leaves 
the  main  problem  of  race  improvement  untouched, 
j  Looking  forward  into  the  far  distant  future  of  Man 
and  Mind,  we  may  reasonably  infer  that  in  the  natural 
course  of  creative  evolution,  whether  hastened  by 
Man  or  not,  new  species  ofliving  organisms  will  arise 
on  the  earth  in  the  future  as  in  the  past.  On  the  same 
grounds  we  may  logically  infer  that  new  kingdoms  of 
living  organisms  other  than  those  now  known  will 
arise,  and  that  in  the  far  distant  future,  in  the  course  of 
long  ages,  new  super-kingdoms  will  gradually  come 
to  pass,  each  great  step  surpassing  and  transcending 
conceptual  mind  to  the  same  degree  and  extent  that 
mind  now  transcends  life,  and  life  surpasses  matter. 
It  is  interesting  to  speculate  on  the  possible  nature 
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of  these  great  creative  steps  and  to  consider  the  possi¬ 
bilities  as  to  when  they  may  arise.  With  regard  to  the 
question  of  the  nature  of  the  next  great  creative  step 
transcending  conceptual  mind  which  first  arose  in  the 
family  of  mankind  about  ten  million  years  ago,  recent 
experimental  research  provides  us  with  the  definite 
answer  that  we  cannot  expect  to  know  beforehand 
precisely  what  it  will  be.  One  of  the  distinguishing 
features  of  creative  evolution  which  differentiates  it 
from  other  kinds  of  evolution  is  the  novel,  indeter¬ 
minate  and  unpredictable  nature  of  its  genetical  pro¬ 
gress.  That  this  must  inevitably  be  so  is  evident  in 
the  findings  of  this  book  that  the  course  of  creative 
evolution  in  living  nature  has  been  shaped  and  guided 
in  the  higher  organisms  by  at  least  four  different  vital 
processes,  all  of  which  are  random  variables.  These 
four  processes  are  mutations,  transmutation,  sex,  and 
natural  selection.  The  random  mutations  of  genes_and 
tfieThance  transmutations  of  chromosomes  appear,  on 
experimental  evidence,  to  be  caused  by  atomic~and 
other  disturbances  brought  about  by  short-waved 
radiations  and  other  causes,  producing  at  random 
various  kinds  of  hereditary  variations.  In  the  higher 
organisms  the  function  of  sex  serves  to  combine  and 
recombine  at  random  and  to  fix  these  mutations  and 
transmutations  in  different  individual  organisms.  The 
constant  action  of  natural  selection  determines  their 
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survival  and  consequently  the  progressive  adaptation 
of  the  mutants  and  transmutants  to  the  changing 
conditions  of  life.  Natural  selection  being  contingent 
is  locally  random  in  its  action  according  to  the  par¬ 
ticular  conditions  of  environment  which  happen  to  be 
present  during  the  fertile  life  of  the  surviving  organ¬ 
ism  whether  it  be  a  progene,  a  protist,  a  plant  or  an 
animal.  Of  the  four  prime  factors  concerned  in  the 
processes  of  creative  evolution,  natural  selection  has 
begn  the  final  arbiter  rather  than  a  primary  cause. 
Though  locally  random  and  contingent  and  slow  in 
its  action,  it  has  inevitably  made  for  general  progress 
in  creative  evolution.  It  is  evident  that  when  four  or 
more  random  variables  are  concerned  in  the  evolution 
of  new  species  in  nature,  it  is  impossible  to  foresee  or 
to  foretell  the  precise  nature  of  future  species.  If  this 
is  the  case  with  small  and  relatively  insignificant 
specific  changes,  the  impossibility  of  foreseeing  or 
predicting  the  precise  nature  of  such  large  super¬ 
kingdom  changes  as  life  from  matter,  or  mind  from 
life  and  matter,  is  manifest.  The  precise  nature  of  the 
next  great  step  in  creative  evolution  after  mind  is 
therefore  unpredictable.  All  one  can  say  is  that  in  all 
probability,  in  the  future  as  in  the  past,  the  new  step 
when  it  comes  will  be  genetically  based  on  the  older 
steps,  mind,  life  and  matter,  and  hence  may  with  high 
probability  be  expected  to  appear  in  the  descendants 
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of  Modern  Man  who  is  the  sole  surviving  species  of 
the  family  of  mankind  in  which  conceptual  mind  first 
appeared  in  an  ancient  genus.  It  is,  of  course,  con¬ 
ceivable,  but  it  is  extremely  unlikely,  that  the  next 
great  step  succeeding  and  transcending  mind  will 
arise  in  the  descendants  of  any  other  species  than 
Man.  In  view  of  the  general  progressive  nature  of 
creative  evolution  and  of  Man  in  the  past  it  may 
reasonably  be  expected  to  be  progressive  in  the  future. 
Consequently  it  is  a  reasonable  inference  that  the  next 
great  step  will  be  more  complex,  more  versatile  and 
of  a  higher  intrinsic  value  than  our  present  mind,  life 
and  matter. 

The  question  as  to  when  the  next  great  step  in 
creative  evolution  will  arise  precipitates  us  at  once 
into  deep  waters.  The  processes  of  small  steps  in  the 
evolution  of  species  in  nature  are  for  the  most  part 
extremely  slow,  and  such  large  steps  as  the  evolution 
of  life  and  mind,  measured  in  years  of  time,  are  al¬ 
most  beyond  human  comprehension.  In  the  genetical 
evolution  of  mind  through  life  and  matter  there  are 
definite  indications  that  the  most  recent  and  complex 
of  the  three — mind — is  gradually  increasing  in  in¬ 
fluence  as  creative  evolution  proceeds,  while  the 
oldest  and  least  complex  of  the  three — matter — is 
gradually  decreasing  in  influence.  Even  now,  after 
the  relatively  short  time  of  about  ten  million  years 
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since  conceptual  mind  appeared,  it  is  evident  that  by 
the  exercise  of  the  human  intellect,  human  selection 
is  already  to  some  extent  displacing  natural  selection, 
and  there  is  no  doubt  that  through  the  applications 
of  experimental  science,  Man,  as  time  goes  on,  will  be 
able,  more  and  more,  to  control  and  change  his  en¬ 
vironment  and  his  conditions  of  life  as  well  as  those 
of  other  organisms.  Man's  increasing  control  over 
matter  is  due  almost  entirely  to  the  exercise  of  his 
intellect  in  scientific  experiments.  The  remarkable 
mechanical  and  engineering  achievements  of  the 
present  century  provide  an  excellent  illustration  of 
the  results  of  the  increasing  influence  of  mind  over 
matter.  The  experimental  creation  of  new  species  and 
genera  by  geneticists  during  the  last  decade  is  another 
example  of  the  increasing  influence  of  mind  over  both 
life  and  matter.  There  are,  therefore,  definite  in¬ 
dications  in  the  present  century  that  under  the  influence 
of  the  intellect  of  Man,  creative  evolution  may  be 
speeded  up,  and  it  is  possible  that  the  next  great 
creative  step  surpassing  mind  may  be  evolved  in  much 
less  time  than  the  thousand  million  years  estimated 
for  the  evolution  of  life  and  mind.  It  may  be  that  in 
the  next  thousand  million  years  several  great  steps, 
each__successiwely  surpassing  and  transcending  con¬ 
ceptual  mind anTone  another,  will  creatively  evolve, 
and  that  each  step  will  speed  up  the  evolution  of  its 
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successor.  A  new  species  in  nature  is  always  based 
genetically  on  an  old  species,  and  in  the  course  of 
evolution  the  influence  of  the  ancestral  species  be¬ 
comes  less  and  less,  until  in  course  of  time  the  old 
specific  characters  are  for  the  most  part  obliterated  in 
the  new  species  which  bears  a  new  set  of  specific 
characters.  It  is  true  that  usually  some  of  the  old 
specific  characters  and  all  the  old  generic  and  family 
characters  remain  in  the  new  species,  but  in  the 
course  of  evolution  even  these  disappear  in  new 
genera,  families,  orders,  classes,  phyla  and  kingdoms. 
The  spper-kingdoms  of  Matter,  Life  and  Mind  may 
be  regarded  as  species  writ  large  in  time  and  value 
in  the  course  of  creative  evolution.  We  have  seen  that 
mind  is  gradually  increasing  in  influence  at  the  ex¬ 
pense  of  matter  and  it  is  reasonable  to  infer  that  in 
course  of  time  when  the  next  great  step  in  creative 
evolution  appears  the  influence  of  matter  will  have 
been  considerably  reduced  and  displaced  by  mind  and 
its  immediate  unknown  successor.  The  further  infer¬ 
ence  is  that  in  the  course  of  long  ages,  after  perhaps 
millions  of  years  have  elapsed,  and  after  several  great 
creative  steps,  successors  of  Man  may  be  evolved 
in  whom  the  influence  of  matter  has  been  almost,  if 
not  entirely,  obliterated.  In  these  conditions  a  less 
material  or  almost  immaterial  type  of  being  might 
arise,  utterly  different  from  the  present  human  species. 


HH 


9 


130 


THE  FUTURE  OF  MAN  AND  MIND 


scarcely  human  save  in  mind  and  intellect  and  on  a 
higher  intellectual  plane.  Such  an  independnnce  of 
matter  might  enable  the  more  adventurous  spirits 
among  our  far-away  descendants  to  leave  the  earth 
and  to  visit,  and  maybe  occupy,  other  planets  or 
stellar  systems  of  our  universe  or  even  other  uni¬ 
verses  if  they  exist.  Many  modern  spiritualists  and 
some  men  of  science  believe  in  such  an  ethereal  human 
existence  supervening  immediately  after  death,  but 
the  experimental  evidence  presented  in  favour  of  this 
belief  is  at  present  obscure  and  difficult  to  understand. 
It  is,  however,  conceivable  that  with  the  evolution 
of  the  conceptual  mind  in  mankind  there  came  also 
the  potentiality  of  its  survival  after  death.  Notwith¬ 
standing  the  lack  of  definite  scientific  evidence  of  a 
future  existence,  the  intuitive  and  instinctive  belief  of 
innumerable  races  of  mankind  cannot  lightly  be  dis¬ 
missed  as  a  vain  and  idle  dream.  The  lack  of  scientific 
evidence  in  favour  of  this  belief  is  not  a  valid  and 
conclusive  objection  in  these  days  of  scientific  in¬ 
determinacy  and  relativity.  In  science  there  is  nothing 
\  more  certain  than  the  unexpected,  and  experience 
I  teaches  that  it  is  unscientific  and  therefore  unwise  to 
deny  any  possibility,  however  unlikely  it  may  seem 
to  be.  In  these  advanced  days  of  scientific  research, 
when  eminent  physicists  seriously  ask  us  to  believe 
in  the  possibility  of  electrons  exercising  free-will,  we 
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biologists  are  hardly  in  a  position  to  deny  primitive 
life  and  thought  to  matter,  especially  when  this  idea 
fits  in  with  our  biological  concepts  of  the  evolution 
of  life  and  thought. 

As  a  matter  of  fact  our  own  biological  experiments 
provide  indisputable  evidence  of  the  relative  im¬ 
mortality  of  living  matter  which  should  satisfy  the 
most  materialistic  realist.  Recent  genetical  research 
leads  us  to  the  inevitable  conclusion  that,  in  general, 
living  genes  are  relatively  immortal.  The  original 
protogene  of  a  thousand  million  years  ago  may  not 
be  alive  to-day,  but  since  every  gene  is  a  part  of  a 
previous  gene  we  can  safely  say  that  all  the  thousands 
of  millions  of  genes  in  existence  to-day  are  parts  of 
the  progenes  of  a  thousand  million  years  ago  and  of 
the  original  protogene.  We  can  also  safely  predict 
that  all  the  genes  in  existence  a  thousand  million 
years  hence  or  more  will  be  parts  of  the  genes  of 
to-day  and  of  the  progenes  of  long  ages  ago.  A  con¬ 
tinuous  life  of  thousands  of  millions  of  years, 
conceivably  extended  to  infinity,  is  at  all  events  a 
close  approximation  to  immortality.  From  the  purely 
materialistic  point  of  view  therefore  we  may  with 
certainty  conclude  that  in  the  genes  that  we  carry  in 
every  living  cell,  our  ancestors  are  in  part  immortal¬ 
ised,  and  in  the  same  way  we  shall  be  in  part  im¬ 
mortalised  in  our  descendants.  To  many  this  material 
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minimum  of  immortality  may  seem  to  be  of  small 
consequence,  but  to  genetical  experts  familiar  with 
the  linkage  of  genes  in  chromosomes  and  the  pheno¬ 
menon  of  dominance,  the  possibilities  of  ancestral 
inheritance  of  personality  due  to  the  repetition  of  a 
certain  gene  complex,  are  well  recognised. 

In  view  of  such  speculations  it  is  interesting  to 
compare  an  astronomical  picture  of  the  future  of  the 
universe  portraying  the  ultimate  and  final  dissipation 
of  matter  into  radiation,  with  a  biological  picture  of 
the  evolution  of  matter  into  life,  mind  and  many 
higher  values  in  the  distant  future.  On  the  one  hand, 
we  have  an  astronomical  picture  of  a  universe  finite 
in  time  and  space  which,  according  to  the  laws  of 
thermodynamics,  by  the  rapid  'increase  of  entropy' 
is  fast  proceeding  to  afinal  dissolution  and  death.  This 
is  a  sad  and  gloomy  picture  which  is  only  slightly  re¬ 
lie  ved^by  the  consolation  that  notwithstanding  its 
ever-increasing  rapidity  of  approach,  the  end  is  not 
expected  to  come  for  some  millions  of  years. 

On  the  other  hand,  we  have  a  biological  picture  of 
the  creative  evolution  of  matter  into  life,  mind  and 
many  higher  values  during  this  period  of  millions  of 
years  with  the  possibility  of  an  infinite  intellectual  or 
spiritual  existence  beyond.  This  is  a  much  brighter 
and  more  cheerful  picture  of  the  future,  and  the  ques¬ 
tion  arises  whether  these  two  apparently  contra- 
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dictory  pictures  can  be  reconciled  and  harmonised. 
This  is  possible  once  it  is  realised  that  the  astronomical 
picture  is  concerned  only  with  the  future  of  matter, 
while  the  biological  picture  represents  the  future  of 
life  and  mind.  Naturally  the  astronomical  picture 
must  be  accepted,  for  the  time  being  at  all  events, 
since  it  is  based  on  the  laws  of  thermodynamics.  Since 
life  and  mind  represent  a  later  stage  of  evolution  than 
matter  it  is  necessary  that  the  biological  picture 
should  be  superimposed  on  the  astronomical  picture. 
In  our  biological  picture  we  have  seen  that  there  are 
definite  indications  of  the  decreasing  influence  of 
matter  on  life  and  mind,  and  the  natural  inference  is 
that  in  course  of  time  the  influence  of  matter  on  life 
and  mind  will  gradually  become  obliterated  and  re¬ 
placed  by  the  influence  of  mind  and  its  transcendant 
successors  in  the  great  steps  of  creative  evolution. 
Long  before  the  time  comes  for  the  annihilation  of 
matter  and  the  universe,  the  more  primitive  matter 
will  have  lost  its  influence  on  life  and  mind  and  their 
successors.  The  far  distant  descendants  and  remote 
successors  of  Man  may,  by  that  time,  bejndependent 
and  largely  free  of  matter,  with  infinite  possibilities 
of  future  progress  notwithstanding  the  complete 
dissolution  of  the  universe. 

The  superimposition  of  the  biological  picture  on 
the  astronomical  picture  thus  presents  a  finite  uni- 
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verse  of  matter  in  finite  space-time  creatively  evolving 
into  infinite  progressive  values  far  surpassing  and 
transcending  our  present  values  of  matter,  life  and 
mind.  Owing  to  the  indeterminate  nature  of  muta¬ 
tions  and  transmutations  and  the  local  contingency 
and  randomness  of  natural  and  human  selection,  it  is 
impossible  to  predict  the  precise  nature  of  future 
species  and  consequently  to  foresee  the  future  of 
creative  evolution.  It  is  at  this  point  that  scientific 
determinism  breaks  down.  The  deterministic  and 
mechanistic  evolution  of  the  nineteenth  century,  with 
its  closed  circuits  and  endless  cycles,  provides  little 
room  for  the  novelty  and  progressiveness  which  are 
the  essence  of  creative  evolution.  If  we  replace  the 
biological  unit  of  creative  evolution — the  genetical 
species — with  the  wider  philosophical  units  of  crea¬ 
tive  evolution — matter,  life  and  mind — the  inadequacy 
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of  determinism  becomes  even  more  marked.  No  de¬ 
terministic  system,  scientific  or  philosophical,  could 
possibly  have  predicted  the  evolution  of  life  from 
matter  or  the  evolution  of  mind  from  life  and  matter. 
It  may  be,  as  Eddington  suggests,  that  in  this  prin¬ 
ciple  of  indeterminacy  in  nature  we  come  up  against 
the  reality  behind  our  man-made  laws  of  nature.  Our 
present  geometrical  minds  work  naturally  in  terms 
of  mechanism  and  the  determinate  results  of  cause 
and  effect.  Anything  outside  that  seems  unreal  to  the 
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human  intellect.  It  may  be  that  the  principle  of  in¬ 
determinacy,  so  incomprehensible  to  us,  is  a  universal 
principle  of  thought,  behind  and  beyond  our  human 
laws  of  mechanistic  determinism.  If  that  is  so,  many 
mysterious  problems  find  an  explanation,  if  not  a 
solution,  in  this  interpretation.  Jeans  pictures  our 
universe  as  a  universe  of  thought  and  its  creation  as 
an  act  of  thought  with  space-time  as  a  setting.  This 
seems  to  involve  a  prime  thinker  and  creator  outside 
his  own  creation.  In  this  respect  modern  scientific  \ 
speculation  returns  to  the  ideas  of  Plato,  who  taught  j 
the  doctrine  that  in  creation,  time  and  space  came  into  f 
being  at  the  same  instant  so  that  if  ever  they  were  to 
dissolve  they  might  be  dissolved  together.  This  is  an  j 
interesting  anticipation  of  Einstein’s  demonstration 
of  the  inseparability  of  space  and  time.  The  real 
nature  of  time  is  not  at  all  clear,  but  if  we  regard 
creative  evolution  as  creation  extending  over  past, 
present  and  future  time,  then  the  act  of  thought  postu- 
latecTby  Jeans  as  giving  rise  to  creation  might  cover 
the  whole  of  time,  past,  present  and  future.  Such  a  ! 
concept  would  go  far  to  explain  the  progressive  nature 
of  creative  evolution.  If  matter  consists  of  electrical 
events,  life  of  organic  events  and  mind  of  conceptual 
events,  all  originating  from  and  manifestations  or  J 
expressions  of  pure  thought,  then  the  general  con¬ 
tinuity  of  matter,  life  and  mind  is  more  easily  under- 
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stood.  Once  it  is  realised  that  matter  has  given  rise 
to  life  and  mind,  the  old  idea  that  matter,  life  and  mind 
are  independent  entities  passes  away  and  the  Cartesian 
dualisms  of  matter  and  life,  matter  and  mind,  and  life 
and  mind  no  longer  exist.  All  three  are  fundamentally 
and  genetically  one,  with  different  expressions  in 
time,  constituting  a  monistic  trinity  with  a  common 
basis  and  origin  in  pure  thought,  which  after  all  may 
be  only  another  name  for  spirit.  The  great  principle 
of  indeterminacy  in  nature  may  thus  be  tentatively 
interpreted  as  the  natural  mode  of  action  and  mani¬ 
festation  of  pure  thought  or  spirit  in  matter-life- 
mind,  while  determinism,  which  is  none  the  less  real, 
represents  an  inner  and  secondary  principle  based  on 
the  geometrical  mode  of  action  of  the  present  human 
intellect.  It  may  be  that  the  discovery  in  our  time  of 
scientific  indeterminacy  and  relativity  foreshadows 
the  coming  of  the  next  great  step  in  the  creative 
evolution  of  mind,  far  surpassing  and  transcending 
the  present  conceptual  and  deterministic_intellect  of 
Man. 
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